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Foreword

Bringing together scientific 
foundations and clinical practice 

Over the past six decades, continuous scientific exploration and clinical innovation have shaped laser technology into 

an essential part of modern aesthetic and dermatological medicine. Today, laser-based treatments offer physicians 

effective and minimally invasive solutions for a wide range of skin conditions and aesthetic indications.

The Laser and Health Academy (LA&HA) is dedicated to supporting and disseminating high-quality scientific 

research on the safety, efficacy and clinical value of laser- and energy-based treatments. By encouraging the 

exchange of scientific knowledge among clinicians, researchers, and industry experts, LA&HA supports the continued 

advancement of evidence-based laser medicine.

This compendium brings together selected studies that reflect both the scientific foundations and clinical practice of 

laser treatments in aesthetics and dermatology. In the preclinical section, particular emphasis is given to basic science 

papers by LA&HA researchers, offering unique insight into breakthrough technologies and laser-tissue interactions 

that have enabled many novel treatment concepts. The clinical study section presents selected publications across 

different laser applications. Published in respected peer-reviewed international journals, these studies contribute to 

a growing body of evidence across multiple wavelengths, technologies and clinical applications. A comprehensive 

collection of published studies, with QR codes for convenient access to official online sources, is also provided.

We hope this compendium will serve as a valuable reference for practitioners and help spark new ideas for continued 

progress in aesthetic and dermatological laser treatments.

The use of lasers for medical treatments is subject to local regulations, which may vary depending on your region. Please check 

with the manufacturer whether a specific product or application has been approved or cleared to be marketed in your country.
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Intense Heat-Shock Biomodulation 
(i-HBM) of Skin and Mucous Cells with 
the Fotona SMOOTH® Er:YAG Laser 
Modality

INTENSE HEAT-SHOCK BIOMODULATION (I-HBM) WITH NON-ABLATIVE 

ER:YAG SMOOTH® MODE

This theoretical and translational study describes the mechanism of intense heat-

shock biomodulation (i-HBM) induced by non-ablative 2,940-nm Er:YAG laser 

(SMOOTH® mode). The aim was to explain how very short, high-temperature 

superficial heat pulses can safely stimulate tissue regeneration through indirect 

cellular signaling rather than direct thermal damage. The study positions 

i-HBM as a distinct biomodulation mechanism, different from conventional 

photobiomodulation or low-level laser therapy. 

SHORT-DURATION HEAT SHOCKS TRIGGER STRONG REGENERATIVE 

SIGNALING WITHOUT TISSUE DAMAGE

The study demonstrates that ultra-short thermal exposures (<1 ms) generated 

by Er:YAG laser pulses can reach very high surface temperatures (up to ~250°C) 

while remaining within a safe biological range due to extremely rapid cooling. 

These heat shocks activate heat shock proteins (HSPs) and cellular alarm 

signaling pathways, which stimulate fibroblast proliferation, collagen synthesis, 

and extracellular matrix remodeling.

Unlike conventional hyperthermia, where damage increases with exposure time, 

the Er:YAG’s very shallow penetration (~3 µm) allows precise delivery of thermal 

stress with minimal risk. The Variable Heat Shock (VHS) model shows that 

optimal regeneration occurs when temperature is high enough to trigger cellular 

response but remains below the threshold for irreversible damage. The result is a 

strong regenerative cascade without significant protein denaturation or injury.

UNIQUE DUAL MECHANISM: SUPERFICIAL HEAT-SHOCK + DEEP 

HYPERTHERMIA

Fotona SMOOTH® mode produces two complementary regenerative effects. 

First, intense superficial heat-shock pulses trigger i-HBM and cellular signaling. 

Second, a gradual accumulation of deeper heat (below ~48–52°C) induces 

classical hyperthermic collagen remodeling.

Histological findings (described in the study) show that this dual mechanism 

results in significant fibroblast activation and collagen production, with 

regenerative effects extending up to 1600 µm depth and persisting for months. 

Combination of both mechanisms produces a synergistic effect, with greater 

tissue regeneration than either mechanism alone.

Authors: Lukac, M., Hreljac, I., 

Terlep, S., Tettamanti, M.

-

Published in: Journal of the 

Laser and Health Academy, 

2022

 
ISSN 1855-9913 

Journal of the Laser and Health Academy 
Vol. 2022, No.1; www.laserandhealth.com 

 

 1 
 

Intense Heat-Shock Biomodulation (i-HBM) of Skin and 
Mucous Cells with the Fotona SMOOTH® Er:YAG Laser 

Modality 

Matjaz Lukac,1,2 Irena Hreljac,3 Sasa Terlep,3 Marcelo Tettamanti4,5 
1 Institute Jozef Stefan, Jamova 19, 1000 Ljubljana, Slovenia 

2 University of Ljubljana, Jadranska 19, 1000 Ljubljana, Slovenia 
3 Fotona d.o.o., Stegne 7, 1000 Ljubljana Slovenia 

4 Biotechnolaser, 15 Grosbeak Way, Landrum, SC 29356, USA 
5 Laser and Health Academy, 1000 Ljubljana, Slovenia 

 

ABSTRACT  

The safety and excellent clinical results of the non-
ablative Fotona SMOOTH® Er:YAG laser therapy for 
soft tissues have been attributed to the unique dual 
regenerative characteristic of this Er:YAG laser 
modality, whereby the standard deep-thermal 
coagulation is accompanied and enhanced by an 
additional superficial heat-shock triggering mechanism.  

In this paper, the mechanism of superficial heat-
shock triggering is analyzed from the viewpoint of 
indirect biomodulation in response to alarm signals 
activated by Er:YAG laser-generated intense heat-
shocks at the tissue surface. The uniqueness of this 
intense heat-shock biomodulation (i-HBM) mechanism 
is in its ability to effectively yet safely regenerate 
superficially located tissues, and as well in its self-
regulatory characteristics, which ensures that the 
intense i-HBM hyperthermic therapy always remains 
within the safe hormetic zone.  

Key words: Er:YAG, biomodulation, photo-
biomodulation, hormesis, hyperthermia, Fotona 
SMOOTH®, SMOOTH, smooth-resurfacing, heat 
shock triggering. 
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I. INTRODUCTION 

a) Biomodulation in tissue response to stress 
In medicine, biomodulation describes a biological 

change in cells and tissues in response to pathologic or 
therapeutic stimuli [1], such as elevated temperatures 
[2], mechanical damage [3], laser ablation [4,5], reactive 
oxygen species (ROS) [6,7], UV light, pathogens, etc. 
Biomodulation includes, but is not limited to photo-

biomodulation (PBM), which has been adopted as a 
term for non-thermal (cold) low-level laser therapy 
(LLLT) [8-10]. In general, biomodulation is involved 
whenever environmental stresses induce danger/alarm 
signals in distressed or injured cells [11–13]. These cells 
can react either by induction of repair and regeneration 
processes or by induction of cell death, depending on 
the extent of the damage. The injured cells also 
transduce danger signals to their neighbors, resulting in 
a protective response gradient in adjacent tissue, 
including in cells that have not been directly damaged 
by the environmental stress. The mechanisms of 
cellular responses to stress are complex and highly 
conserved throughout evolution, demonstrating their 
importance for survival.  

b) Fotona SMOOTH® Er:YAG laser therapy 
The non-ablative Fotona SMOOTH® Er:YAG laser 

therapy of the skin and mucosa has in recent years 
attracted significant attention due to the technique’s 
safety and excellent clinical results [14–30]. The Fotona 
SMOOTH® therapy consists of delivering a non-
ablative Er:YAG laser pulse sequence to the treated soft 
tissue (see Fig. 1), consisting of a controlled number (N) 
of individual laser pulses of very short duration (0.3 - 
0.6 ms), with cumulative fluences (Fs) below the 
ablation threshold.  

In spite of the technique’s “smoothness” the 
regenerative response of the tissue to this therapy is 
significant [32–34]. This characteristic of the non-
ablative Fotona SMOOTH® therapy has been 
attributed to the unique dual-regenerative characteristic 
of this Er:YAG laser modality, whereby the standard 
deep-thermal coagulation resulting from the long-
duration temperature exposure is accompanied and 
enhanced by an additional superficial heat-shock 
triggering mechanism resulting from the exposure of 
the superficial tissue to very short duration-high 
temperature peaks.  
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a) VHS model’s critical temperature as a function of the 

exposure time. Damage depends on the LEVEL of temperature 

and the TIME it is exposed to the tissue. The Variable Heat 

Shock (VHS) model is built by 2 curves: short heat exposure 

time and long heat exposure time. b) The maximum volume of 

Heat Shock Proteins (HSP) is created when the temperature 

generated is slightly below the level that produces significant, 

but reversible cellular damage.

Comparison of treatment efficacies of three Fotona

SMOOTH® biomodulation modalities, in terms of the

number of generated positive fibroblasts per delivered laser 

fluence, for skin depths of 200 µm, 800 µm and 1600 µm. The 

results of an in-vivo immuno-histology study are shown for 

protocols designed to generate either predominantly i-HBM or 

predominantly hyperthermic biomodulation, and for a protocol 

combining the i-HBM and hyperthermic biomodulation effect. 

Results show that combining the i-HBM and hyperthermic 

biomodulation mechanisms results in a significant synergistic 

enhancement of tissue regeneration.
Fotona SMOOTH® Mode Dual Heat Delivery. Fotona

SMOOTH® emissions produce 2 very distinct types of heat 

depositions at different tissue depths: a) Intense Heat-Shock 

Biomodulation (i-HBM): High peak temperatures on the tissue 

surface that last for a very short time (short exposure); b) Deep 

hyperthermia/coagulation: lower levels of gradually increasing

deeper heat deposition that has longer exposure time.

Critical temperatures T
crit

 (presented by grey circles), belonging 

to shortest exposure times achievable by different laser 

wavelength devices. Lasers that are not highly absorbed 

by water will penetrate deeper in the tissue. Once the heat 

has penetrated deeply it will dissipate slowly, providing a 

long time of heat exposure. The Er:YAG, with only 3µm of 

optical penetration in tissue, has a very short heat exposure 

time (cools very quickly) and is the only laser that can safely 

elevate skin temperatures above 100°C. Even when the 

ablation temperature of 256°C (represented by the dashed 

line) is reached, the skin cools down immediately, and this 

prevents any irreversible damage to deeper tissue, keeping the 

treatment within a safe hormetic zone.

I-HBM ENABLES SAFE, SELF-REGULATED AND HIGHLY EFFECTIVE TISSUE REGENERATION

The authors conclude that i-HBM represents a unique, self-regulating regenerative mechanism, enabled specifically 

by the Er:YAG wavelength. Due to rapid cooling and the relationship between ablation temperature (~256°C) and 

critical damage threshold (~290°C), the treatment inherently remains within a safe hormetic window.

This allows delivery of high-intensity stimulation without significant pain or tissue damage, making it particularly suitable 

for superficial tissue regeneration. Clinical applications include skin tightening, gynecology, ENT, intraoral rejuvenation, 

and hair restoration, where controlled biomodulation leads to improved tissue structure, elasticity, and function.

Intense Heat-Shock Biomodulation (i-HBM) of Skin and Mucous Cells with the Fotona SMOOTH® Er:YAG Laser 
Modality 
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of the tissue exposed to the elevated temperature is 
limited by the optical penetration depth (δ) of the 
delivered laser light within the tissue. Approximately, 
the time required for the laser-heated tissue layer to cool 
down by heat diffusion into the deeper lying bulk tissue 
is equal to tcool = δ2/D, where D = 0.1 mm2/s is the 
thermal diffusivity of the soft tissue. This time 
represents the shortest exposure time achievable by a 
particular laser wavelength. The table below shows 
approximate minimal exposure times (texp = tL + tcool) 
achievable by some of the common medical lasers 
operating at their typical pulse durations (tL).  

Table 1: Estimated minimal exposure times as 
achievable by common medical lasers, characterized 
by different optical penetration depths δδ.  
Laser  Wavelength (µm) δ (mm) texp (s) 
Nd:YAG 1.064 10 15 
Nd:YAP 1.34 0.6 4 
Diode 1.47 0.4 1.5 
CO2 10.6 0.02 0.01 
Er:YAG 2.94 0.003 0.0006 

 
The corresponding critical temperatures based on 

the VHS model are presented in Fig. 5.  

 
Fig. 5: Critical temperatures Tcrit (presented by grey circles), 
belonging to shortest exposure times achievable by different 
laser wavelength devices as presented in Table 1. Lasers that 
are not highly absorbed by water will penetrate deeper in the 
tissue. Once the heat has penetrated deeply it will dissipate 
slowly, providing a long time of heat exposure. The Er:YAG, 
with only 3µm of optical penetration in tissue, has a very short 
heat exposure time (cools very quickly) and is the only laser 
that can safely elevate skin temperatures above 100°C. Even 
when the ablation temperature of 256°C (represented by the 
dashed line) is reached, the skin cools down immediately, and 
this prevents any irreversible damage to deeper tissue, keeping 
the treatment within a safe hormetic zone [46].  

As can be seen from Table 1 and Fig. 5, the Er:YAG 
laser wavelength of 2.94 µm is the only wavelength with 
which it is possible to perform intense heat-shock 
biomodulation (i-HBM). The Er:YAG laser with its 
extremely short optical penetration depth within the 
human soft tissue of about 3 µm allows human cells to 
be safely exposed to temperatures above 100°C and 
even up to the ablation temperature of 256°C, owing to 
its uniquely short thermal exposure time. The 
importance of this characteristic can be seen in Fig. 6, 
which shows the clinical effect on human skin following 
a single pulse with 2.94 µm Er:YAG laser and with 1.34 
µm Nd:YAP laser, both delivered with single-pulse 
fluences reaching the same skin ablation threshold 
temperature of 256°C [46]. Despite the same maximal 
temperature, the longer cooling time following the 
Nd:YAP laser irradiation results in a significantly longer 
thermal exposure time and consequently a higher dose 
and more extensive damage to the tissue, while the 
Er:YAG laser’s pulsed-induced hyperthermia remains 
well within the safe hormetic dose window.  

 
Fig. 6: Observed clinical effect on human skin following a 
single pulse of the same duration with Er:YAG and Nd:YAP, 
both reaching the skin ablation threshold of 256°C [46]. The 
longer cooling time of Nd:YAP results in long thermal 
exposure with extensive damage while Er:YAG remains safely 
in the hormetic dose window thanks to its fast cooling time.  

b) Intense Heat-Shock Biomodulation (i-HBM) 
When skin or mucosa is treated with a laser, a 

wound-healing response is triggered. The response to 
injury is largely dependent on the extent of tissue 
damage. In general, the skin wound healing response 
consists of three distinctive overlapping phases – 
inflammation, proliferation, and remodeling. Although 
dermal fibroblasts are critically important in all steps, 
epidermal keratinocytes also act to recruit, stimulate, 
and coordinate the actions of multiple cell types 

Intense Heat-Shock Biomodulation (i-HBM) of Skin and Mucous Cells with the Fotona SMOOTH® Er:YAG Laser 
Modality 
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further temperature growth, limiting the maximal 
temperature to Tabl < Tcrit.  

Figure 8 graphically depicts the general principle of 
the Er:YAG laser’s superficial i-HBM triggering of the 
tissue regeneration process. The stimulation 
mechanism of superficially generated heat shocks 
resembles the observed stimulation effect of exogenous 
free radicals (ROS) at the tissue surface in plasma 
medicine [6,7]. A major difference is that with the 
plasma treatment, it is extremely difficult to deliver just 
the right ROS dose before causing an irreversible tissue 
injury. On the other hand, the i-HBM treatment is self-
regulating, keeping the stress dose safely within the 
hormesis zone [31].  

 
Fig. 8: The principle of intense heat-shock biomodulation (i-
HBM). When the tissue receives stress signals, dermal 
fibroblasts and epidermal keratinocytes cross-talk to initiate a 
wound healing process. A laser can generate a short-duration 
Heat Shock trigger, creating alarm signals that will activate 
HSPs, releasing growth factors and increasing cell proliferation 
and development of a new extracellular matrix (ECM).  

IV. DISCUSSION 

a) Intense heat-shock biomodulation (i-HBM) 
with Fotona SMOOTH® therapy 
The non-ablative Fotona SMOOTH® Er:YAG laser 

therapy (see Fig.1) for skin and mucosa has been shown 
to result in a significant regenerative response of the 
tissue [34]. For example, in a recent immunohistology 
study [32], the tissue regeneration process was observed 
to persist for more than 3 months following the Fotona 
SMOOTH® therapy, with the total amount of positive 
fibroblasts (i.e., newly synthesized pro-collagen type I 
fibroblasts) that extended up to 1600 μm within the skin, 
being measured to double at the 21-day follow up and to 
increase by 4-fold at the 3-month follow up (Fig. 9) [32].  

 
Fig. 9. Measured spatial distribution of pro-collagen type I 
positive fibroblasts for untreated skin, and at 21 days and 3 
months following the Fotona SMOOTH® treatment [32]. 
The curved lines are a visual aid only.  

The observed pronounced regenerative effects are 
attributed to the unique Er:YAG laser-generated heat 
dynamics resulting in a dual tissue-regeneration 
phenomena (see Fig. 10):  

Intense heat-shock biomodulation (i-HBM) 
(Fig.10a): Intense short-duration thermal pulses 
resulting from individual laser pulses, with peak 
temperatures (Tmax-i) up to 250°C at the surface (see Fig. 
10a), leading to superficial heat-shock alarm triggering 
of the regeneration of deeper-lying tissues [31,32,46]. 

Deep hyperthermia/coagulation (Fig.10b): Slow 
gradual build-up of the spatial temperature distribution 
over the total duration of the sequence, extending 
several hundred microns deep into the tissue, with the 
long-duration surface temperatures (Ts) typically below 
48-52°C [31,46].  

 
Fig. 10. Fotona SMOOTH® Mode Dual Heat Delivery. Fotona 
SMOOTH® emissions produce 2 very distinct types of heat 
depositions at different tissue depths: a) Intense Heat-Shock 
Biomodulation (i-HBM): High peak temperatures on the tissue 
surface that last for a very short time (short exposure); b) Deep 
hyperthermia/coagulation: lower levels of gradually increasing 
deeper heat deposition that has longer exposure time. 

Intense Heat-Shock Biomodulation (i-HBM) of Skin and Mucous Cells with the Fotona SMOOTH® Er:YAG Laser 
Modality 
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The intense heat shock biomodulation (i-HBM), 
characterized by intense temperatures pulses of up to 
about 250°C, represents an important contributing 
mechanism for the observed positive clinical effects of 
Fotona SMOOTH® procedures. Although the intense 
heat shocks are limited to keratinocytes on the skin 
surface, it is known that not only fibroblasts, but also 
the superficially located keratinocytes can be initiators 
of the wound healing process following epithelial injury 
[51,60]. The critical contribution of i-HBM to the total 
Fotona SMOOTH®-induced regeneration process has 
been recently evaluated by comparing treatment 
efficacies of three Fotona SMOOTH® biomodulation 
modalities, in terms of the number of generated positive 
fibroblasts per delivered laser fluence [32]. Figure 11 
shows the results of this in-vivo immune-histology 
study for protocols designed to generate either 
predominantly i-HBM or predominantly hyperthermic 
biomodulation, and for a protocol combining the i-
HBM and hyperthermic biomodulation effect. In order 
for these three protocols to be comparable, the 
cumulatively delivered fluences during each of the three 
protocols were set to be just below the patient’s pain 
threshold. In order to prevent deeper heat deposition, 
the i-HBM protocol consisted of only N = 12 intense 
Er:YAG laser pulses, while the hyperthermic protocol 
consisted of N = 120 low-fluence pulses resulting in an 
approximately 8-times deeper heat of penetration and 
about a 20-times lower level of estimated heat shock 
triggering. And the combined protocol was performed 
with N = 66 medium-fluence pulses, each being 
sufficiently intense to generate significant i-HBM alarm 
signaling in addition to deep hyperthermia.  

 
Fig. 11. Comparison of treatment efficacies of three Fotona 
SMOOTH® biomodulation modalities, in terms of the 
number of generated positive fibroblasts per delivered laser 
fluence, for skin depths of 200 µm, 800 µm and 1600 µm. 
The results of an in-vivo immuno-histology study [32] are 
shown for protocols designed to generate either 
predominantly i-HBM or predominantly hyperthermic 
biomodulation, and for a protocol combining the i-HBM and 
hyperthermic biomodulation effect. Results show that 
combining the i-HBM and hyperthermic biomodulation 
mechanisms results in a significant synergistic enhancement 
of tissue regeneration.  

As can be seen from Fig. 11, a considerably higher 
new fibroblast-generation efficacy was observed at the 
skin surface for the prevalently intense heat-shock 
protocol in comparison to the hyperthermic protocol. 
Even more importantly, the results show that 
combining the i-HBM and hyperthermic 
biomodulation mechanisms results in a significant 
synergistic enhancement of the tissue regeneration.  

b) Comparison of PBM, PLLT and i-HBM  
Although the intense heat shock biomodulation (i-

HBM) is performed using laser light (i.e., photons), this 
mechanism of stimulating tissue response is different 
from photo-biomodulation (PBM) and PLLT. With 
PBM, the tissue gets stimulated directly by the absorbed 
low-intensity photons, with the intensity of light being 
so low that there is no appreciable increase in the tissue 
temperature (Fig. 12a). Similarly, with PLLT, the laser 
light gets absorbed throughout the treated tissue’s 
volume, however, due to the higher light density the 
tissue also gets moderately heated up, with the tissue 
temperature increase (∆T) falling exponentially with 
depth within the tissue (see Fig. 12b). The typical 
temperature increase during PLLT is several degrees 
[49], however, higher temperature PLLT treatments in 
the range of 45-55°C are also possible.  

On the other hand, with i-HBM, the photons are 
absorbed only at the surface of the tissue being treated, 
with the resulting short-duration heat shock 
temperatures at the surface in the range of 80-250°C. 
The deeper-lying tissue does not get stimulated directly 
by photons, but indirectly by alarm signals resulting 
from the superficially generated very intense heat 
shocks (Fig. 12c).  

 
Fig. 12. Comparison of PBM, PLLT and i-HBM. Left: Photo-
biomodulation (PBM). The tissue cells get stimulated directly 
by low intensity photons. Middle: Piano Level Laser Therapy 
(PLLT). The laser light is absorbed throughout the treated 
tissue’s volume, with the resulting tissue temperature increase 
(∆T) falling exponentially with depth within the tissue; Right: 
Intense Heat-Shock Biomodulation (i-HBM). Photons are 
completely absorbed within a several-microns-thick layer of 
the superficial tissue. The deeper-lying tissue does not get 
stimulated directly by photons but indirectly by alarm signals 
resulting from the superficially generated very intense heat 
shocks.  
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Characteristics of Non-Ablative 
Resurfacing of Soft Tissues by Repetitive 
Er:YAG Laser Pulse Irradiation

NON-ABLATIVE ER:YAG SMOOTH® RESURFACING AS A CONTROLLED 

REGENERATIVE APPROACH

This study analyzes the mechanisms and characteristics of non-ablative 

Er:YAG laser resurfacing using repetitive pulse sequences (SMOOTH® mode), 

designed to induce tissue regeneration without epidermal ablation. Unlike 

traditional ablative resurfacing, which removes tissue and requires downtime, this 

approach delivers sub-threshold cumulative energy that stimulates biological 

responses while preserving the surface layer. The authors differentiate between 

conventional “sub-resurfacing” (near-ablation fluence with tissue damage) and 

“smooth-resurfacing,” which operates below both ablation and pain thresholds, 

enabling safer treatments with comparable regenerative outcomes. 

PAIN THRESHOLD AS A KEY PARAMETER DEFINING SAFE AND EFFECTIVE 

TREATMENT

A central finding of the study is that pain tolerance defines the upper limit of safe 

energy delivery, making it a practical clinical parameter for optimizing treatment. 

Measurements in 15 patients showed that the pain threshold temperature 

increase remains relatively constant (~12.7°C without anesthesia and ~16.1°C with 

anesthesia) across different pulse sequences. Importantly, pain correlates with 

the final surface temperature (Ts) rather than peak temperatures from individual 

pulses. The study also demonstrates that longer pulse sequences allow higher 

energy delivery without exceeding pain limits, enabling deeper thermal effects 

while maintaining patient comfort. 

DUAL MECHANISM: SUPERFICIAL HEAT-SHOCK TRIGGERING AND DEEP 

COAGULATION

The study confirms a dual biological mechanism underlying non-ablative 

resurfacing. Short, high-temperature pulses create a superficial heat-shock effect, 

stimulating cellular signaling and regenerative pathways in the epithelial layer. 

At the same time, cumulative heat diffusion produces a deeper thermal effect, 

resulting in collagen coagulation and remodeling within the dermis. According 

to the Variable Heat Shock (VHS) model, these two processes correspond to 

short- and long-exposure biochemical responses, which together drive tissue 

regeneration. The study shows that superficial effects depend on pulse number 

and intensity, while deep effects depend mainly on total energy and sequence 

duration, highlighting the importance of parameter selection. 

OPTIMIZED PARAMETERS ENABLE SAFE, VERSATILE, AND CLINICALLY 

EFFECTIVE TREATMENTS

The authors identify two optimal treatment strategies for smooth-resurfacing. 

Short sequences (≈1–3 seconds with ~10–30 pulses) maximize superficial heat-

shock triggering with moderate coagulation depths (~100 µm), while longer 

Authors: Lukac, M., Zorman, A., 

Lukac, N., Perhavec, T., Tasic, B. 

-

Published in: Lasers in Surgery 

and Medicine, 2021

Lasers in Surgery and Medicine 53:1266–1278 (2021)

Characteristics of Non‐Ablative Resurfacing of Soft Tissues
by Repetitive Er:YAG Laser Pulse Irradiation
Matjaz Lukac, ,1* Anze Zorman,2 Nejc Lukac,3 Tadej Perhavec,4 and Blaz Tasic3
1Institut Jozef Stefan, Jamova 39 SI‐1000, Ljubljana, Slovenia
2Medilase Dermatology & Laser Center, Tbilisijska 59 SI‐1000, Ljubljana, Slovenia
3Faculty of Mechanical Engineering, University of Ljubljana, Askerceva 6 SI‐1000, Ljubljana, Slovenia
4Fotona, d.o.o., Stegne 7 SI‐1000, Ljubljana, Slovenia

Background and Objectives: Recently, several mini-
mally invasive gynecological, ENT and esthetic proce-
dures have been introduced that are based on delivering
“smooth” sequences of Er:YAG laser pulses to cutaneous
or mucosal tissue at moderate cumulative fluences that
are not only below the ablation threshold but typically
also do not require local anesthesia. To explain the ob-
served clinical results using “smooth‐resurfacing,” it has
been suggested that in addition to the direct heat injury to
deeper‐lying connective tissues, there is an additional
mechanism based on indirect triggering of tissue re-
generation through short‐exposure, intense heat shocking
of epithelia. The goal of this study is to improve under-
standing of the complex dynamics of the exposure of tis-
sues to a series of short Er:YAG laser pulses, during which
the thermal exposure times transition from extremely
short to long durations.
Study Design/Materials and Methods: A physical
model of laser‐tissue interaction was used to calculate the
temperature evolution at the irradiated surface and
deeper within the tissue, in combination with a chemical
model of tissue response based on the recently introduced
variable heat shock (VHS) model, which assumes that the
tissue damage represents a combined effect of two lim-
iting Arrhenius′ processes, defining cell viability at ex-
tremely long and short exposure times. Superficial tissue
temperature evolution was measured during smooth‐
resurfacing of cutaneous and mucosal tissue, and com-
pared with the model. Two modalities of non‐ablative
resurfacing were explored: a standard “sub‐resurfacing”
modality with cumulative fluences near the ablation
threshold, and the “smooth‐resurfacing” modality with
fluences below the patient′s pain threshold. An exemplary
skin tightening clinical situation was explored by meas-
uring pain tolerance threshold fluences for treatments on
abdominal skin with and without topical anesthesia. The
obtained temperature data and pain thresholds were then
used to study the influence of Er:YAG laser sequence
parameters on the superficial (triggering) and deep (co-
agulative) tissue response.
Results: The simulations show that for the sub‐
resurfacing modality, the parameter range where no ex-
cessive damage to the tissue will occur is very narrow.

On the other hand, using pain tolerance as an indicator,
the smooth‐resurfacing treatments can be performed
more safely and without sacrificing the treatment efficacy.
Two preferred smooth‐resurfacing treatment modalities
were identified. One involves using optimally long pulse
sequence durations (≈1–3 seconds) with an optimal
number of pulses (N≈ 10–30), resulting in a maximal
short‐exposure superficial tissue response and moderate
coagulation depths. And for deeper coagulation, without
significant superficial heat shocking, very long pulse
sequences (>5 seconds) with a large number of delivered
pulses are to be used in combination with topical
anesthesia.
Conclusions: A comparison of the simulations with the
established smooth‐resurfacing clinical protocols in
gynecology, ENT, and esthetics suggests that, through
clinical experience, the clinical protocols have been
optimized for the maximal superficial heat shock trig-
gering effect. Further research is needed to gain a
better understanding of the proposed role of heat shock
triggering in the clinically observed regeneration of
cutaneous, vaginal, and oral tissues following Er:YAG
laser smooth‐resurfacing. Lasers Surg. Med. © 2021
The Authors. Lasers in Surgery and Medicine published
by Wiley Periodicals LLC.
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(a) Calculated coagulation depths (zc) 

for three non-ablative sequence fluences 

F
s
 = 2.4, 4.8, and 7.2 J/cm2, as a function 

of the sequence duration t
s
, for t

sep
 = 25 

milliseconds (diamonds), 75 milliseconds 

(squares), and 125 milliseconds (circles). 

The lines are a visual guide for the 

eye; (b) Full lines represent calculated 

coagulation depths for different 

sequence durations at corresponding 

pain threshold fluences for without (F
p
) 

and with topical anesthesia (F
p-EMLA

), 

for t
sep

 of 25 milliseconds (diamonds), 

75 milliseconds (squares), and 125 

milliseconds (circles). Dashed lines 

represent calculated coagulation depths 

for ablation threshold fluences for t
sep

 

= 100 and 50 milliseconds. Published 

measured coagulation depths are 

represented by the gray squares and the 

gray triangle.

Calculated short-exposure superficial 

damage for sub-resurfacing (gray 

symbols connected by dashed lines) and

smooth-resurfacing (black and open 

symbols connected by full lines), as a 

function of the sequence duration t
s
 (a) 

or the number of pulses N (b). Black 

and open symbols represent smooth-

resurfacing with and without topical 

anesthesia, respectively. The calculated 

damage integrals are for pulse separation 

times t
sep

 of 25 milliseconds (diamonds), 

85 milliseconds (squares), and 125 

milliseconds (circles).

Calculated temporal profile of the skin 

surface temperature during a sequence 

of four SMOOTH® mode macro pulses 

each consisting of six micro pulses 

(resulting in N= 4 x 6= 24 micro pulses) 

for (a) F
s
 = 4.9 J/cm2 with a full-

beam handpiece (R11 with 7 mm spot 

size); and (b) F
s
 = 14.7 J/cm2 with a 

patterned beam handpiece (PS03 with 

0.85 mm micro spot size).

sequences (>5 seconds with higher pulse numbers) produce deeper thermal remodeling with minimal superficial 

effects. The study also shows that patterned handpieces improve safety and efficacy by enhancing lateral heat 

diffusion, allowing higher fluence delivery without exceeding pain thresholds. These findings explain why current 

clinical protocols in dermatology, gynecology, and ENT have been empirically optimized for maximum regenerative 

effect with minimal risk, supporting non-ablative Er:YAG resurfacing as a safe and versatile alternative to more 

aggressive procedures. 

Pain Threshold Temperature

The obtained dependence of ΔTs on the laser fluence Fs

for different sequence durations ts (Equations 7 and 8),
enables the calculation of the sequence temperature ele-
vations ΔTs corresponding to the measured pain threshold
fluences. The resulting calculated pain threshold tem-
perature elevations (ΔTp) as shown in Figure 6 are ap-
proximately constant across a wide range of sequence
durations, demonstrating also that the pain threshold
temperature is not significantly affected by the number of
pulses N or maximal temperatures Tmax‐i. On average, the
pain threshold temperature increase is equal to ΔTp=
12.7± 2.0°C for treatments without topical anesthesia,
and to ΔTp‐EMLA= 16.1± 1.6°C for treatments with topical
anesthesia.

Deep Tissue Response

Figure 7a shows the calculated long‐exposure coagu-
lation depths (zc) as a function of the sequence duration ts,
for three sub‐ablative sequence fluences, Fs= 2.4, 4.8, and
7.2 J/cm2, and three pulse separation times tsep= 25,
75, and 125 milliseconds. The tissue coagulation depth (zc)
is defined as the tissue depth below which the cell injury
Ω (z) is smaller than Ω= 0.5 [7], in agreement with the
finding that the value of damage integral of Ω≈ 0.5 de-
fines the threshold below which the skin damage can be
tolerated without the occurrence of irreversible epidermal
injury [44,45].
As can be concluded from Figure 7, the coagulation

depth depends predominantly on cumulative fluence Fs

and ts while the internal pulse sequence structure char-
acterized by N and tsep, is relatively unimportant. This is
demonstrated by showing both, the symbol and trend line,
where the same trend line applies for different pulse
separations tsep (represented by different symbols), and
consequently also for different N.

It is important to note that heat diffusion does not last
only for the duration of the sequence (ts) but continues
also after the sequence has ended. Therefore the total
“duration” of heat diffusion is the same for all sequence
durations. In Figure 7a, the observation that longer se-
quence durations give lower coagulation depths is a con-
sequence of lower surface temperatures (Ts) for longer ts
(see Equation 8), resulting also in smaller damage in-
tegrals (see Equation 1).

In Figure 7b, the coagulation depths increase with se-
quence duration because the sequence fluence is for each
ts adjusted to be equal to either the pain threshold fluence
Fp or Fp‐EMLA (representing smooth‐resurfacing con-
ditions) or to the ablation threshold fluence Fthr (repre-
senting sub‐surfacing conditions), corresponding to that
sequence duration. Since both, the pain and ablation
threshold fluences are higher for longer ts, more laser

Fig. 6. Dependence of the pain threshold temperature elevation
ΔTp (open symbols) and ΔTp‐EMLA (closed symbols) on the
sequence duration. The full line represents the average pain
threshold temperature increase for abdominal skin treatments
without anesthesia, ΔTp= 12.7°C, and the dashed line represents
the average pain threshold temperature increase for abdominal
skin treatments with anesthesia, ΔTp‐EMLA= 16.1°C.

Fig. 7. (a) Calculated coagulation depths (zc) for three
non‐ablative sequence fluences Fs= 2.4, 4.8, and 7.2 J/cm2, as a
function of the sequence duration ts, for tsep= 25 milliseconds
(diamonds), 75 milliseconds (squares), and 125 milliseconds
(circles). The lines are a visual guide for the eye; (b) Full lines
represent calculated coagulation depths for different sequence
durations at corresponding pain threshold fluences for without
(Fp) and with topical anesthesia (Fp‐EMLA), for tsep of 25
milliseconds (diamonds), 75 milliseconds (squares), and 125
milliseconds (circles). Dashed lines represent calculated
coagulation depths for ablation threshold fluences for tsep= 100
and 50 milliseconds. Published measured coagulation depths are
represented by the gray squares [19] and the gray triangle [23].
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energy can be delivered with longer ts, resulting in deeper
coagulation depths (zc).
The pain threshold fluences were calculated using

Equation (7) for treatments without (Fp) or with topical
anesthesia, taking ΔTp= 12.7°C or ΔTp‐EMLA= 16.1°C,
correspondingly. As can be concluded from Figure 8b (full
lines), smooth‐resurfacing can result in significant coag-
ulation depths, providing that appropriately long se-
quence durations ts are used, allowing sufficiently high
yet still tolerable sequence fluences Fs.
The coagulation depths at the “smooth” fluences, i.e., at

the fluences just below the pain threshold, do not depend
on N or tsep, On the other hand, during sub‐resurfacing at
least a partial or delayed epidermal ablation occurs, and
the coagulation depth depends not only on tsep but also on
the single pulse duration tp [7]. Two examples of sub‐
resurfacing are in Figure 7b shown with dashed lines, and
represent coagulation depths at corresponding ablation
threshold fluences Fthr, for tsep= 100 milliseconds and

tp= 0.25 milliseconds, and for tsep= 50 milliseconds and
tp= 0.55 milliseconds.

For comparison, Figure 7b also shows published coagu-
lation depths as observed following “standard” sub‐
resurfacing treatments. The gray squares represent coagu-
lation depths as measured on histologic samples of rat skin
treated by an Er:YAG laser, with tsep= 100 milliseconds, and
ts= 500 or 1000milliseconds [19]. Similarly, the gray triangle
represents the published depth of dermal regeneration as
histologically observed on human eyelid skin following
treatment with an Er:YAG laser, with tsep= 50 milliseconds,
and ts= 300 milliseconds [23].

Superficial Tissue Response

Figure 8 shows the calculated superficial damage (Ωs)
for different sub‐ and smooth‐resurfacing parameters, as
calculated using Equation (6). Similarly to the calculation
of the coagulation depths, the cumulative fluence was for
any pulse sequence parameter combination set to be equal
to either the ablation threshold fluence (representing sub‐
surfacing conditions), or to the pain tolerance threshold
fluence, representing smooth‐resurfacing conditions.

As can be seen from Figures 8a and b, as opposed to the
deep tissue response, the superficial damage depends not
only on the sequence duration but also on the number of
pulses N. This is as expected since the superficial tissue
response is a consequence of the high‐temperature peaks
(Tmax‐i), and therefore it is not the same whether the cu-
mulative fluence is distributed among a small number of
high‐intensity peaks, or among a large number of smaller
intensity peaks.

As can be seen from Figure 8, using the smooth‐
resurfacing technique represents a significant advantage
over sub‐surfacing since the damage can be limited to a
maximal level defined by the number of pulses N and
pulse separation time tsep. On the other hand, the cumu-
lative short‐exposure damage during sub‐resurfacing
grows approximately linearly with N and tsep.

DISCUSSION

In this study, characteristics of non‐ablative resurfacing
of soft tissues by repetitive Er:YAG laser pulse irradiation
were analyzed for the first time from the viewpoint of the
maximal fluences deliverable in a clinical setting, as de-
termined by the patients′ pain threshold. Additionally,
using the VHS [12], and probability‐summation model [50],
the dependence of the proposed superficial heat shock
triggering effects on parameters of the non‐ablative
Er:YAG laser resurfacing were studied as well. Attention
was focused on the difference between the standard, “sub‐
resurfacing” pulse stacking technique, with Er:YAG laser
fluences close to the ablation threshold (Fthr), and the
“smooth‐resurfacing” technique, characterized by moderate
fluences (Fs≤Fp, Fp‐EMLA) with resulting tissue temper-
atures below the heat pain tolerance threshold (HPT).

The published cutaneous HPT temperatures (THPT) for
several‐seconds‐long exposures are for different body

Fig. 8. Calculated short‐exposure superficial damage for sub‐
resurfacing (gray symbols connected by dashed lines) and
smooth‐resurfacing (black and open symbols connected by full
lines), as a function of the sequence duration ts (a) or the number
of pulses N (b). Black and open symbols represent smooth‐
resurfacing with and without topical anesthesia, respectively.
The calculated damage integrals are for pulse separation times
tsep of 25milliseconds (diamonds), 85 milliseconds (squares), and
125 milliseconds (circles).
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predicted optimal ts and N for superficial triggering
(see Fig. 8).
Furthermore, our analysis also provides a potential

explanation for why smooth‐resurfacing clinical protocols
almost in all cases include treatments using a patterned
handpiece. Namely, with patterned handpieces, the irra-
diated tissue does not cool down only by the heat diffusion
deeper into the tissue but also by the heat diffusion in the
radial direction away from the irradiated microspots. This
cooling mechanism is more effective during the long se-
quence duration (ts) than during the short duration tem-
perature peaks. For this reason, the final sequence tem-
perature (Ts) is more significantly reduced than the
temperature peaks Tmax‐i. As can be seen from Figure 5,
the temperature slope coefficient As is for a patterned
handpiece by a factor of 3–4 smaller as compared with the
slope for the full‐beam handpiece (see Equation 7). This
means that three to four times higher cumulative fluences
(Fs) can be delivered without exceeding the pain tolerance
threshold temperature. On the other hand, as the radial
heat diffusion has a smaller effect on the high‐
temperature peaks (Tmax‐i), the higher cumulative fluence
will for the same level of deep tissue coagulation result in
an increased level of superficial triggering. Therefore,
patterned handpieces are generally better suited for the
maximal heat shock triggering effect compared with full‐
beam handpieces.
To demonstrate the influence of radial heat diffusion for

small diameter beam sizes we carried out a limited nu-
merical analysis using a 3D cylindrical coordinate system
model. The resulting temporal profiles of the skin surface
temperature during a sequence with N= 24 micro pulses,
delivered by a full beam ((R11 with 7mm spot size) or by a
patterned beam handpiece (PS03 with 0.85mmmicro spot
size) are shown in Figure 9.
As can be seen from Figure 9, for the same final se-

quence temperature (Ts= 50°C) (and resulting deep tissue
response), the high‐temperature peaks (Tmax‐i) are ap-
proximately 30% higher for the patterned handpiece. A
damage integral calculation using Equations (5) and (6)
shows that this difference results in two times stronger
(in terms of Ωs) patterned thermal “needling” of the tissue.
Finally, we list some of the assumptions used in the

numerical modeling. First, our calculation of the tissue
response is based on the rather limited available pub-
lished experimental data for Arrhenius parameters that
depend on the duration of exposure and type of the tissue.
Additionally, coagulation depths were compared for var-
ious treatment modalities taking Ω(z)= 0.5 as the coagu-
lation criteria. However, when comparing coagulation
depths it should be considered that different types of
tissue damage might be encountered in the superficial
layer even at the same coagulation depth. The comparison
of the simulation with the reported coagulation depths is
further complicated by the very gradual transition be-
tween the coagulated and normal collagen deeper in the
dermis, and the arbitrary nature in determination of co-
agulation depths from histologic sections [19,72].

Furthermore, the level of superficial heat shock trig-
gering was evaluated by assuming that the response to
each laser pulse of a multiple‐pulse exposure is in-
dependent of the response to other pulses. Generally,
there is a cumulative effect in multiple‐pulse exposures,
as reflected, for example, by a reduction in the threshold
energy per laser pulse relative to the single‐pulse
threshold in ocular damage studies [73]. However, the
cumulative mechanism of multiple exposures is still not
fully understood, and depends also on the type of tissue
and irradiation [51,73].

A limitation of the study is also that the model did not
include the effects of blood perfusion and tissue cooling as
a result of natural convection. These effects could be of
importance particularly for longer sequence irradiations
lasting above about 10 seconds. However, since with these
two cooling mechanisms being present the typical meas-
ured long‐duration skin cooling times are on the order of

Fig. 9. Calculated temporal profile of the skin surface
temperature during a sequence of four SMOOTH mode macro
pulses each consisting of six micro pulses (resulting in
N= 4× 6= 24 micro pulses) for (a) Fs= 4.9 J/cm2 with a full‐
beam handpiece (R11 with 7mm spot size); and (b) Fs= 14.7 J/cm2

with a patterned beam handpiece (PS03 with 0.85mm micro
spot size).

CHARACTERISTICS OF NON‐ABLATIVE RESURFACING 1275
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Parameters for the New FRAC3® Nd:YAG 
Laser Skin Treatment Modality

FRAC3®: A NOVEL THREE-DIMENSIONAL FRACTIONAL ND:YAG APPROACH

This study introduces FRAC3®, a non-ablative fractional laser modality using 

short-pulse 1064 nm Nd:YAG technology. Unlike conventional fractional 

treatments that create predefined surface patterns, FRAC3® generates a self-

induced three-dimensional distribution of thermal damage within the skin. 

The effect selectively targets microscopic imperfections and inhomogeneities, 

allowing more precise treatment while preserving surrounding healthy tissue. 

This results in a minimally invasive approach with faster healing and improved 

safety.

SHORT PULSES ENABLE SELECTIVE HEATING OF SMALL STRUCTURES

The method is based on using very short pulse durations (0.1–1.0 ms), which are 

shorter than the thermal relaxation time of small skin structures. This allows heat 

to remain confined within targets such as microvasculature, hair follicles, and 

minor skin imperfections, rather than diffusing into surrounding tissue. Shorter 

pulses produce higher localized temperature peaks, significantly improving 

treatment selectivity and efficiency without increasing overall skin temperature.

SELF-INDUCED FRACTIONAL HEATING IMPROVES SAFETY AND EFFICACY

FRAC3® creates localized thermal “hot spots” distributed throughout the skin in 

three dimensions. These microthermal zones act as healing centers, stimulating 

tissue regeneration while leaving surrounding areas intact. Compared to 

traditional long-pulse treatments that produce uniform heating, this approach 

results in greater target-specific heating and reduced overall tissue heating, 

improving both treatment outcomes and safety.

CLINICAL APPLICATIONS AND TREATMENT OPTIMIZATION

FRAC3® is effective for skin rejuvenation, vascular treatments, acne therapy, 

and hair removal, particularly for small structures with rapid thermal response. 

The approach typically uses high fluence, short pulse durations, and small spot 

sizes (around 3 mm) to maximize precision. Scanner-assisted delivery improves 

treatment uniformity and prevents overlap. Clinical results show improved skin 

texture, collagen remodeling, and minimal side effects, with only mild and 

temporary redness reported.

Authors: Lukac, M., Sult, T., 
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Beyond Customary Paradigm : FRAC3® Nd:YAG Laser Hair Removal 
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ABSTRACT  

A novel self-induced, non-ablative, three-
dimensional fractional FRAC3® method for skin 
treatments is described. The method utilizes the short 
pulse duration and high peak power density of Accelera
mode, Nd:YAG laser pulses. The Accelera Nd:YAG
pulses produce a three-dimensional fractional pattern 
in the epidermis and dermis, with damage islands that 
are predominantly located at the sites of skin 
imperfections. In-vivo thermal measurements of the 
skin surface and in-vitro measurements of skin cross- 
sections, following illumination with Accelera Nd:YAG 
pulses are presented. The measurements demonstrate 
the emergence of isolated »fractional« hot islands 
within the skin. Clinical results following Accelera
Nd:YAG laser treatments are also presented. The 
FRAC3® method offers practitioners another 
dimension of safety and self-regulating efficacy in non-
ablative treatments such as skin rejuvenation and hair 
removal.  

Key words: laser skin rejuvenation, fractional, 
FRAC3, VSP technology, Nd:YAG lasers, scanner 

Article: J. LAHA, Vol. 2010, No.1; pp. 47-55. 
Received: March 03, 2010; Accepted: March 30, 2010. 

© Laser and Health Academy.  All rights reserved. 
Printed in Europe. www.laserandhealth.com

I. INTRODUCTION 

a) General

Fractional laser treatments affect discrete 
microspots within the target area, allowing the 
unaffected sub-areas in the target to act as healing 
centers. Fractional techniques are gaining popularity 
because they are associated with shortened recovery 
periods [2]. Current approaches to fractional treatment 
make use of fractional illumination in the form of a 

two dimensional matrix; the illuminated columns 
below the laser spots are damaged uniformly. These 
techniques are non-selective to skin imperfections or 
hair follicles and require special fractional delivery 
devices. Here we describe a novel self-induced 
FRAC3® laser method, [1, 15] based on Fotona,  1064 
nm Nd:YAG, short pulse, Accelera mode 
characteristics [9]. The method produces a three-
dimensional fractional pattern within the epidermis 
and dermis, with damage islands predominantly 
located at the sites of minute skin imperfections or 
inhomogeneities.  

If the clinical objective is to cause selective 
modifications of a specific tissue structure, the laser 
wavelength should match the highest absorption of 
the targeted structure relative to the surrounding 
tissue. However, wavelengths that are highly absorbed 
in skin imperfections are typically also highly absorbed 
by non-target structures, e.g. melanosomes [4] or 
hemoglobin-containing RBCs [3].  These wavelengths 
consequently do not reach deeper-lying skin 
imperfections or hair follicles, which can result in 
excessive damage to healthy skin structures. For this 
reason, it is often better to select a laser wavelength 
that penetrates deeper into the tissue, and then achieve 
selective tissue modification by adjusting the laser 
pulse duration to the thermal relaxation time of the 
targeted imperfection. During a lengthy laser exposure 
in a long laser pulse most of the deposited heat will 
diffuse away from the target structure, resulting in 
non-specific thermal damage to adjacent structures. 
Conversely, an adequately short laser pulse minimizes 
the time available for heat diffusion and confines the 
heating effect to the target structure, resulting in 
maximal temperature differences between the target 
and adjacent structures [5]. Using the homogeneously 
penetrating, 1064 nm Nd:YAG laser wavelength [6-8], 
and targeting skin imperfections by adjusting the laser 
pulse duration to the cooling times of these 
imperfections is the paradigm behind the latest 
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Laser induced damage islands as healing centers: a) standard 

uniform laser treatment; b) standard two- dimensional 

fractional treatment; and c) novel self-induced three-

dimensional FRAC3® laser treatment. With the FRAC3® 

method the tissue is treated only where required, i.e. at skin 

imperfections. In addition, the healing area is the largest and 

the healing time is the fastest.

Skin surface temperature thermal image following a 20 ms (a), 

and a 0.3 ms (b) Nd:YAG laser pulse.

FULL BEAM

Small healing
surface area

FRACTIONAL BEAM

Large healing
surface area

FRAC3 BEAM

Largest healing
surface area

a) Standard treatment. Small absorbers are not heated; heat 

diffusion into the surrounding tissue is too rapid; b) FRAC3® 

treatment. Small absorbers are heated very quickly and there is 

not enough time for diffusion to proceed.

In FRAC3® treatments where TRT
epi

< TRT
imp

 situation applies, 

shortening the laser pulse duration improves treatment 

efficacy of small skin imperfections without endangering the 

bulk epidermis.
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FRAC3®, minimally invasive skin rejuvenation, 
technique. The method utilizes the fractional nature of 
the selective photo-thermolysis, at short laser pulse 
durations [5].

b) FRAC3®: Three Dimensional Fractional Skin 
Treatment

Upon irradiation with an adequately short laser 
pulse, energy is deposited into the absorbing structure 
before a significant amount of heat can be conducted 
to the surrounding tissue. The temperature rise in an 
optically and thermally homogenous structure is 
directly proportional to the absorbed heat, which is 
itself proportional to the laser fluence (in J/cm2)
delivered to the target. If a significant fraction of the 
deposited heat diffuses away from the absorbing 
structure during laser exposure, the peak temperature 
is reduced, impairing the spatial selectivity of the 
treatment even if the wavelength provides selective 
absorption of laser energy. The selection of an 
appropriate laser pulse duration is therefore 
paramount. Laser pulses of duration tp that are 
significantly shorter than the target thermal relaxation 
time (  will cause a maximal temperature rise in a 
target structure for constant pulse energy. The 
relaxation time, , represents the time interval in which 
the amplitude of a hypothetical temperature rise 
decreases by approximately a factor of 2 due to the 
diffusion of heat into surrounding tissue.  

Simplified, the thermal relaxation time (TRT) 
depends on the diameter of the target structure (d), 
and the thermal diffusivity of skin (  = 0.11 mm2/s)
as

 = d2/(20      .                              (1) 

An exact formula would depend on the shape of 
the skin structure [7].  

Based on the above considerations it is assumed, 
for the remainder of this paper, that selective heating 
of a skin structure occurs when the pulse duration is 
shorter than the relaxation time  by a factor of two.  
Figure 1 shows the dependence of the minimal size d 
of the imperfection or hair that can be selectively 
heated by a laser pulse of duration tp. In accordance 
with Figure 1, confinement of laser energy within 
smaller structures requires progressively shorter pulse 
durations. For structures smaller than 100 µm, pulse 
durations less than 1 ms must be used.  

0

50

100

150

200

250

300

0 1 2 3 4 5 6 7 8 9 10

Pulse duration tp (ms)

d 
(

m
)

Fig. 1: Minimal size (d) of a skin structure that can be 
selectively heated by a laser pulse of duration tp.

Inasmuch as pulses significantly shorter than 
provide the highest temperatures, it would seem that 

the best approach would be to use extremely short 
pulses (tp << 50 µs) to ensure heat confinement in 
skin structures of all sizes, but this is not the case. 
Explosive vaporization of selectively absorbing 
hemoglobin can occur when pulses shorter than 10 µs 
are used at high laser fluences [3]. Similarly, epidermal 
melanosomes can be non-uniformly overheated during 
high fluence laser pulses below 25 µs [4]. The safest 
and most effective pulse durations for minimally 
invasive skin rejuvenation are therefore in the 100-
1000 µs range. 

When Nd:YAG laser pulses in the 0.1-1.0 ms range 
are used, small skin imperfections, inhomogeneities 
and hair follicles are selectively heated throughout the 
illuminated skin tissue (see Fig. 2). Fractional islands 
of thermally affected skin structures that are formed in 
the three dimensional skin tissues are the basis for the 
FRAC3® approach to minimally invasive skin 
rejuvenation.  
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II. MATERIALS AND METHODS 

Thermal skin measurements were performed to 
confirm the FRAC3® self-induced, three-dimensional 
distribution of heat within the skin [1]. A standard, 
long pulse will cause an approximately uniform rise in 
skin temperature. The thermal profile of FRAC3® laser
pulses should exhibit non-uniform temperature peaks 
(See Fig. 3).
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rapid; b) FRAC3® treatment. Small absorbers are heated 
very quickly and there is not enough time for diffusion to 
proceed.

The experimental set-up is shown in Figure 4. A 
Fotona XP Dynamis Nd:YAG laser system operating 
in the FRAC3® Accelera (tp = 0.1 - 1 ms) and standard 
Versa modes (tp = 2 - 200 ms) and a thermal imager 
(Sagem Matis) operating in the 3-5 µm spectral range 
were used. The image exposure time was 
approximately 2 ms. The imager sensor detects 
thermal light emitted from the surface and also some 
from the subsurface as the light of wavelengths 3-
5 µm has a penetration depth of about 50 µm in the 
tissue. The measured temperatures therefore 
represented a weighted average of the skin 
temperature within the penetration depth of the 
detected thermal radiation.  

Skin surface measurements of the temperature 
distribution following an Nd:YAG laser pulse with a 
4 mm spot size were performed in-vivo on patients’ 
dorsal hand skin.

Fig.4: Experimental set-up for thermal imaging 
measurements.  

III. RESULTS 

a) Thermal Skin Measurements of FRAC3® Self-
Induced, Three Dimensional, Fractional Islands 

Figure 5a shows a typical skin temperature profile 
following a standard 20 ms long, Versa Nd:YAG 
pulse. Figure 5b shows the temperature profile 
following a short, 0.3 ms Accelera Nd:YAG pulse.  

Fig. 5: Skin surface temperature thermal image following a 
20 ms (a), and a 0.3 ms (b) Nd:YAG laser pulse.  

Self-induced temperature fractionality can be 
observed following illumination with short Accelera 
Nd:YAG pulses. For standard-lenght pulse durations, 
heat conduction from the skin inhomogeneities to the 
surrounding tissue prevents temperature build-up and 
no hot skin islands are observed. This is shown in 
Figure 6 in which T temperature profiles are shown 
within a patient’s skin on the hand’s dorsum, 
illuminated with a Nd:YAG laser of 4 mm spot size 
and 50 J/cm2 at different pulse durations. Only the 
0.2 ms laser pulse creates significant self-induced 
temperature fractionality. 
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of a skin structure occurs when the pulse duration is 
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long pulse will cause an approximately uniform rise in 
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of a skin structure occurs when the pulse duration is 
shorter than the relaxation time  by a factor of two.  
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confirm the FRAC3® self-induced, three-dimensional 
distribution of heat within the skin [1]. A standard, 
long pulse will cause an approximately uniform rise in 
skin temperature. The thermal profile of FRAC3® laser
pulses should exhibit non-uniform temperature peaks 
(See Fig. 3).
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thermal light emitted from the surface and also some 
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5 µm has a penetration depth of about 50 µm in the 
tissue. The measured temperatures therefore 
represented a weighted average of the skin 
temperature within the penetration depth of the 
detected thermal radiation.  
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a) Thermal Skin Measurements of FRAC3® Self-
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following a standard 20 ms long, Versa Nd:YAG 
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following a short, 0.3 ms Accelera Nd:YAG pulse.  
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Nd:YAG pulses. For standard-lenght pulse durations, 
heat conduction from the skin inhomogeneities to the 
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Figure 6 in which T temperature profiles are shown 
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New Skin Treatment Possibilities with 
PIANO Mode on an Nd:YAG Laser

PIANO MODE: SUPER-LONG PULSE ND:YAG FOR HOMOGENEOUS DERMAL 

HEATING

This article introduces PIANO mode, a novel Nd:YAG laser modality characterized 

by super-long pulse durations in the seconds range (0.3–60 s), far exceeding 

the thermal relaxation time of the epidermis and other skin structures. Unlike 

conventional short or long pulses designed for selective photothermolysis, 

PIANO mode is optimized for homogeneous “bulk” heating of the dermis. By 

avoiding rapid temperature peaks in the epidermis, it enables deep, safe thermal 

delivery for non-ablative treatments such as skin remodeling, tightening, and 

wound healing.

LONG PULSE DURATION ENABLES UNIFORM HEAT DISTRIBUTION IN THE 

SKIN

The study highlights that pulse duration determines heat distribution within 

tissue. Short pulses confine heat to specific targets, while long pulses allow heat 

diffusion and uniform temperature distribution. Since the epidermal thermal 

relaxation time is approximately 25–100 ms, using second-range pulses ensures 

effective dermal heating while minimizing epidermal damage. This shift from 

selective to bulk heating allows for more controlled and consistent treatment 

outcomes.

DEEP DERMAL HEATING WITHOUT EPIDERMAL OVERHEATING

Experimental results confirm that PIANO mode achieves effective dermal 

temperatures without high epidermal temperature spikes. Compared to shorter 

pulses, super-long pulses significantly reduce peak temperature at the skin surface 

while maintaining sufficient heat in deeper layers. Additionally, temperature 

increase shows a linear relationship with fluence, allowing predictable and 

controlled treatments. This controlled heating induces a heat shock response 

(around 50–55°C), which stimulates collagen remodeling without causing 

thermal injury.

VERSATILE CLINICAL APPLICATIONS IN SKIN REJUVENATION AND HEALING

PIANO mode is highly effective for non-ablative dermatological treatments, 

including skin remodeling, tightening, and scar prevention. Controlled dermal 

heating promotes collagen contraction and new collagen formation, improving 

skin tone, elasticity, and texture. It is also suitable for laser-assisted wound 

healing, where thermal stimulation enhances tissue repair and reduces scar 

formation. The method can also be combined with fractional Er:YAG resurfacing 

for enhanced results.
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ABSTRACT  

Non-ablative skin textural improvement is based 
on the theory of delivering a suitable packet of photo-
thermal damage (coagulative and biostimulating) to 
dermal layers beneath a cooled epidermis. In this 
paper, a new Nd:YAG laser pulse duration modality is 
introduced which is perfectly suited for this purpose. 
This new, super long, PIANO modality, which 
extends the Nd:YAG pulse durations to the seconds 
regime, is much longer than the thermal relaxation 
time of the epidermis or any other skin structures, and 
does not cause high initial temperature peaks in the 
epidermis. It is therefore indicated for treatments 
where overall homogeneous, bulk heating of the 
dermis is desired. Based on the in-vivo study of the 
thermal effects of the PIANO mode on human skin, 
clinical protocol guidelines for laser skin remodeling, 
skin tightening and laser-assisted wound healing are 
developed. The PIANO modality may be of benefit 
also when considering treatments that combine the 
non-ablative Nd:YAG laser skin remodeling with the 
Er:YAG laser fractional skin resurfacing. 
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I. INTRODUCTION 

a) Selective photo-thermolysis 

Since the invention of the laser, many types of laser 
sources have been studied and used as a means to 
improve skin appearance [1]. If the clinical objective is 
to cause selective modifications of a specific tissue 
structure, the laser wavelength should match the 
highest absorption of the targeted structure relative to 
the surrounding tissue. This approach is called 
“selective photothermolysis” [2]. Typically, however, 
the wavelengths that are highly absorbed in skin 

imperfections are also highly absorbed by non-target 
structures, for example, melanosomes [3] or 
hemoglobin-containing RBC [4]. Consequently, these 
wavelengths do not reach deeper lying targets (such as 
blood vessels or hair follicles), and can result in 
excessive damage to the epidermis and other healthy 
skin structures. The choice of wavelength is thus 
dictated not only by the need for good absorption of 
the laser in the treated skin structure, but also by the 
need to avoid unnecessary damage to the epidermis. 
For this reason, it is often better to select a laser 
wavelength that penetrates more deeply into the tissue, 
and then achieve selective tissue modification by 
adjusting the laser pulse duration to the thermal 
relaxation time of the targeted imperfection.  

Among all non-ablative laser sources, the Nd:YAG 
laser holds the most prominent position. This is due to 
its long wavelength of 1064 nm, which in terms of 
absorption, lies in an optical window that allows light 
of this wavelength to penetrate deep into the skin, 
while its absorption in a target such as a blood vessel 
or a hair follicle is strong enough to affect the target 
(See Fig. 1) [5, 6]. 

 

 
Fig. 1: Absorption coefficient in human tissues, a as a 
function of laser wavelength. The absorption coefficient is 
at a minimum with the Nd:YAG laser wavelength (1.064 
m), and at a maximum with the Er:YAG laser wavelength 
(2.94 m).  

Besides the proper selection of the wavelength in 
order to illuminate a given tissue structure, the pulse 
duration must also be considered. Namely, the pulse 
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The new “super long pulse” PIANO mode enables pulse 

durations in the seconds regime, and exhibits less intensive 

pulse powers of several Watts.

Measured dependence of the peak skin surface temperature 

increase for the PIANO mode Nd:YAG laser illumination of 1.5 

s pulse duration. For comparison, a temperature increase with 

a shorter, 20 ms Nd:YAG pulse is also shown. Spot sizes were 

in the range of 10-20 mm. Diagonal lines in the chart are only 

a visual aid.

Skin temperature increase following a PIANO pulse (1.5 s) 

illumination on different parts of the body. Measurements were 

performed on a female patient of skin type II.

Temporal evolution of dorsal hand skin in the presence of an 

underlying blood vessel following an Nd:YAG PIANO pulse (1.5 

s, 150 J/cm2). Heat diffusion from the underlying heated vessel 

results in a second skin surface temperature peak, with the 

time delay depending on the depth of the vessel within the 

skin.

New Skin Treatment Possibilities with PIANO Mode on an Nd:YAG Laser  
 

indications for homogeneous photo-thermolysis that 
require “super long” laser pulsewidths. These 
indications include photo-thermal skin remodeling, 
skin tightening and surgical scar prevention.  

Recently, a new Nd:YAG laser pulse duration 
modality has been developed that is intended 
specifically for homogeneous, photo-thermolysis 
treatments [10].  This new, PIANO modality extends 
the Nd:YAG pulse durations to the seconds regime 
(0.3 - 60 s), and reduces treatment pulse powers to a 
less invasive watts regime (up to 80 W) (See Fig. 7).  
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 Fig. 7: The new “super long pulse” PIANO mode 

enables pulse durations in the seconds regime, and exhibits 
less intensive pulse powers of several Watts.  

 

The duration of the PIANO mode is much longer 
than the thermal relaxation time of the epidermis. This 
is therefore the safest mode for reaching deeper lying 
skin tissues, with minimal thermal effect on the 
epidermis. The PIANO mode pulsed durations are 
also longer than the relaxation times of any other skin 
structures, such as hair follicles or blood vessels. The 
PIANO modality is thus indicated for overall 
homogeneous, bulk heating of the dermis, justifying its 
name (piano: adjective meaning soft or smooth [11]).  

In this paper, we report on an in-vivo study of the 
latest PIANO mode in terms of its thermal effect on 
human skin. Based on the obtained results and 
previously published clinical data, clinical protocol 
guidelines were developed for the following 
homogeneous photo-thermolysis treatments: a) skin 
remodeling, b) dual wavelength skin resurfacing, and 
c) wound healing and scar prevention.  
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Fig. 8: Fotona XP Dynamis Nd:YAG laser system with 
PIANO mode capabilities, used in the study [15]. 

 

A thermal imager, model Sagem Matis, operating in 
the 3-5 m spectral range, was fixed in position above 
the skin surface and focused on the treatment site (Fig. 
9). Thermal camera images were taken at 20 ms 
intervals starting at approximately 2.5 ms following a 
laser pulse. The image exposure time was 
approximately 2 ms. The imager sensor detects 
thermal light emitted from the surface and also some 
from the subsurface as light of wavelengths 3-5 m 
has a penetration depth of about 50 m in the tissue. 
The measured temperatures therefore represented a 
weighted average of the skin temperature within the 
penetration depth of the detected thermal radiation.  
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Fig. 9: Experimental set-up. 
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Skin surface measurements of the temperature 
distribution following Nd:YAG and diode laser 
irradiations were performed in-vivo on female 
patients’ of skin type II.  

 

III. RESULTS 

Figure 10 shows the measured temperature 
evolution on the hand skin (thenar web between 
thumb and forefinger) following Nd:YAG laser 
radiation with a 1.5 s PIANO pulse (Super Long 
Pulse), and a 20 ms LP pulse (Long Pulse), for the 
same pulse fluence of 35 J/cm2.  
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Fig. 10: Measured temperature evolution of dorsal hand skin 
following irradiation with the Nd:YAG laser PIANO (1.5 s) 
pulse mode (red line), and LP (20 ms) pulse mode. The laser 
pulse fluence of 35 J/cm2 was the same for both pulse 
duration modes.  

 

As expected from the calculations (See Fig. 5), the 
measured peak epidermal temperature is 
approximately 3 x higher with the 20 ms Nd:YAG 
laser pulse. After approximately 0.5 s when the 
epidermal temperature gets equalized with the 
temperature of the lower lying dermis the surface skin 
temperature has approximately the same temperature 
decay dependence, irregardless of the Nd:YAG pulse 
duration. This demonstrates that with the PIANO 
mode, the same temperatures of the bulk dermis as 
with shorter pulse durations, are achieved. However, 
with the PIANO mode, high initial temperature peaks 
in the epidermis are completely avoided.  

Figure 11 shows the measured dependence of the 
measured peak skin surface (hand skin between thumb 
and forefinger) temperature on the illuminating 
PIANO pulse fluence.  

The hand skin (thenar web) temperature increase 
was observed to follow an approximately linear 
dependence on the PIANO laser pulse fluence, 
independent of the pulse duration, in the range of 0.5 
to 5 s.  
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Fig. 11: Measured dependence of the peak skin surface 
temperature increase for the PIANO mode Nd:YAG laser 
illumination of 1.5 s pulse duration. For comparison, a 
temperature increase with a shorter, 20 ms Nd:YAG pulse is 
also shown. Spot sizes were in the range of 10-20 mm. 
Diagonal lines in the chart are only a visual aid. 

 

As expected, the skin temperature increase 
depended on the body location. Table 1 shows the 
measured temperature increase on the facial cheek, 
beard and forehead. For comparison, the temperature 
increase on the hand skin is also shown.  
 

Table 1: Skin temperature increase following a PIANO 
pulse (1.5 s) illumination on different parts of the body. 
Measurements were performed on a female patient of 
skin type II. 

0.05 0C cm2/J2.7 0Chand

0.36 0C cm2/J12.7 0Cforehead

0.20 0C cm2/J7.1 0Cbeard

0.22 0C cm2/J7.6 0Ccheek

T/FluenceT               
(at 35 J/cm2)

0.05 0C cm2/J2.7 0Chand

0.36 0C cm2/J12.7 0Cforehead

0.20 0C cm2/J7.1 0Cbeard

0.22 0C cm2/J7.6 0Ccheek

T/FluenceT               
(at 35 J/cm2)

 
 

Typically, PIANO laser treatments are painless 
since the epidermis does not reach as high 
temperatures as is the case with shorter pulses. 
However, this is not the case when a laser treatment is 
performed on the skin area where there is an 
underlying larger size blood vessel. In such a case, the 
temperature of the blood vessel and of the 
neighboring tissue can substantially increase, resulting 
in the feeling of pain.  

It is interesting to note that the presence of an 
underlying blood vessel can be detected from the 
temporal evolution of the skin surface temperature. As 
an example, Fig. 12 shows the temporal evolution of 
the skin surface temperature on dorsal hand skin 
where an underlying blood vessel was present.  
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Fig. 12: Temporal evolution of dorsal hand skin in the 
presence of an underlying blood vessel following an 
Nd:YAG PIANO pulse (1.5 s, 150 J/cm2). Heat diffusion 
from the underlying heated vessel results in a second skin 
surface temperature peak, with the time delay depending on 
the depth of the vessel within the skin.   

 

The underlying, more absorbant blood vessel gets 
heated up during the Nd:YAG laser irradiation. 
Following the laser pulse, the heat diffuses away from 
the hot blood vessel in all directions. With a certain 
time delay, this results in another temperature peak 
within the epidermis.  

 

IV. DISCUSSION 

a)  PIANO skin remodeling 

Beginning in our 20s, the effects of aging start to 
become visible in skin. Genetically programmed 
chronologic aging causes biochemical changes in 
collagen and elastin, the connective tissues that give 
skin its firmness and elasticity. As skin becomes less 
elastic, it also becomes drier. Underlying fat padding 
begins to disappear. With the loss of underlying 
support by fat padding and connective tissues, the skin 
begins to sag. It looks less supple, and wrinkles form. 
Occurring simultaneously with genetically 
programmed aging, the process of photoaging is also 
taking place. Photoaging is the effect of chronic and 
excessive sun exposure on the skin. Cigarette smoking 
also contributes to aging effects.  

Laser remodeling is a procedure inducing 
controlled thermal injury to the collagen in the dermis 
which leads to subsequent collagen remodeling while 
preserving the epidermis [13]. As dermal collagen heals 
and remodels under an undamaged outer layer, the 
skin tightens and smoothes, thus improving its 
appearance.  

The aim of the controlled, sub-coagulative laser 
heating of the dermis is to induce a heat shock 
response (HSR). HSR is defined as temporary changes 
in cellular metabolism. These changes are rapid and 
transient, and are characterized by the production of a 
small family of proteins termed the heat shock 

proteins (HSP). A controlled temperature increase and 
duration of the thermal surge within the dermal tissue 
is crucial to obtaining a suitable photo-thermal 
biologic response. Heating the collagen to a higher 
temperature than required to achieve a controlled heat 
shock would denature and damage the collagen 
beyond the point of contraction. There is a 
logarithmic relationship between duration and 
temperature increase that is required to achieve HSP 
expression. For heat shocks that last several seconds, 
HSP hyper-expression occurs at relatively low sub-
coagulative skin temperatures, between 50 and 55 0C. 
For shorter thermal surges the temperature elevations 
must be considerably higher [13]. 

Photo-thermal remodeling has been successfully 
achieved, reaching a critical sub-coagulative 
temperature, with many different lasers, 
radiofrequency devices and polychromatic high-
intensity light sources [16-47]. Since for many of the 
successfully used devices, the pulse duration was on 
the order of seconds, this demonstrates that deep, 
homogeneous heating of the dermis plays an 
important role in photo-thermally activated neo-
collagenesis. It has been demonstrated, however, that 
with extremely short and high power laser sources (Q-
switched and possibly FRAC3 Nd:YAG), an 
additional, photo-mechanical inflammatory effect 
comes into play [48]. The photo-thermal, 
homogeneous photo thermolysis promotes the 
formation of collagen type I, while the photo-
mechanical, selective photo-thermolysis promotes the 
synthesis of collagen type III more effectively.  

There are several advantages of Nd:YAG skin 
remodeling compared to using other devices. First, the 
absorption in the epidermis is smaller compared to 
other light-based devices. Second, the depth of the 
thermal surge within the skin is completely controlled, 
and there is no danger of accidentally overheating 
deeper lying tissue, as is the case with radiofrequency 
devices. Third, the depth of the thermal surge can be 
adjusted to a certain extent by varying the laser 
spotsize. And fourth, the energy is delivered into the 
skin with energy-controlled pulses of adjustable 
duration.  

Nd:YAG laser-induced collagen remodeling has 
been studied extensively. Goldberg first reported the 
effect of non-ablative laser skin resurfacing with the 
Q-switched 1,064-nm neodymium–yttrium–aluminum 
garnet (Nd:YAG) laser in 1997 [16]. They found that 
the Q-switched 1,064-nm Nd:YAG laser provides 
satisfactory clinical results with no post-operative 
morbidity in the treatment of periocular and perioral 
rhytides. Later Goldberg performed a series of clinical 
studies with histologic examinations to prove the 
collagen remodeling effects of a Q-switched 1,064-nm 
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indications for homogeneous photo-thermolysis that 
require “super long” laser pulsewidths. These 
indications include photo-thermal skin remodeling, 
skin tightening and surgical scar prevention.  

Recently, a new Nd:YAG laser pulse duration 
modality has been developed that is intended 
specifically for homogeneous, photo-thermolysis 
treatments [10].  This new, PIANO modality extends 
the Nd:YAG pulse durations to the seconds regime 
(0.3 - 60 s), and reduces treatment pulse powers to a 
less invasive watts regime (up to 80 W) (See Fig. 7).  
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 Fig. 7: The new “super long pulse” PIANO mode 

enables pulse durations in the seconds regime, and exhibits 
less intensive pulse powers of several Watts.  

 

The duration of the PIANO mode is much longer 
than the thermal relaxation time of the epidermis. This 
is therefore the safest mode for reaching deeper lying 
skin tissues, with minimal thermal effect on the 
epidermis. The PIANO mode pulsed durations are 
also longer than the relaxation times of any other skin 
structures, such as hair follicles or blood vessels. The 
PIANO modality is thus indicated for overall 
homogeneous, bulk heating of the dermis, justifying its 
name (piano: adjective meaning soft or smooth [11]).  

In this paper, we report on an in-vivo study of the 
latest PIANO mode in terms of its thermal effect on 
human skin. Based on the obtained results and 
previously published clinical data, clinical protocol 
guidelines were developed for the following 
homogeneous photo-thermolysis treatments: a) skin 
remodeling, b) dual wavelength skin resurfacing, and 
c) wound healing and scar prevention.  

 

II. MATERIALS AND METHODS 

The Nd:YAG laser used in the study was a Fotona 
XP Dynamis laser system with R33 and R34 non-
contact handpieces with spotsize diameters from 2-20 
mm (See Fig. 8). The laser was upgraded to the new 
PIANO (tp=0.3 - 60 s) mode. The diode laser used in 

the experiments was a Fotona XD-2 810 nm diode 
laser system.  

 

Fig. 8: Fotona XP Dynamis Nd:YAG laser system with 
PIANO mode capabilities, used in the study [15]. 

 

A thermal imager, model Sagem Matis, operating in 
the 3-5 m spectral range, was fixed in position above 
the skin surface and focused on the treatment site (Fig. 
9). Thermal camera images were taken at 20 ms 
intervals starting at approximately 2.5 ms following a 
laser pulse. The image exposure time was 
approximately 2 ms. The imager sensor detects 
thermal light emitted from the surface and also some 
from the subsurface as light of wavelengths 3-5 m 
has a penetration depth of about 50 m in the tissue. 
The measured temperatures therefore represented a 
weighted average of the skin temperature within the 
penetration depth of the detected thermal radiation.  
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Fig. 9: Experimental set-up. 
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Influence of tissue desiccation on critical 
temperature for thermal damage during 
Er:YAG laser skin treatments

TISSUE DESICCATION AS A KEY FACTOR IN ER:YAG LASER–INDUCED 

THERMAL DAMAGE

This study investigates the role of tissue desiccation during Er:YAG laser skin 

treatments and its impact on thermal damage. While desiccation is well known 

in hard tissues, it has been largely overlooked in soft tissue due to its higher water 

content. The authors demonstrate that even in skin, particularly in the stratum 

corneum with relatively low water content, desiccation significantly influences 

thermal behavior. The study focuses on how water evaporation during laser 

irradiation alters tissue properties and contributes to unexpected thermal effects. 

DESICCATION PROLONGS COOLING TIME AND INCREASES THERMAL 

EXPOSURE

Using in vivo measurements with a fast thermal camera, the study shows 

that temperature decay times increase significantly after Er:YAG irradiation, 

especially at fluences approaching the ablation threshold. This effect is attributed 

to evaporation of free water, which increases optical penetration depth and 

slows heat dissipation. As a result, tissue remains at elevated temperatures for 

longer periods, increasing the overall thermal exposure time, a key determinant 

of thermal damage according to Arrhenius-based models. 

LOW-TO-MEDIUM FLUENCES MAY CAUSE MORE DAMAGE THAN HIGHER 

FLUENCES

A critical and counterintuitive finding is that low-to-medium fluences can result 

in greater thermal damage than higher fluences. As desiccation increases, 

prolonged thermal exposure reduces the critical temperature required for tissue 

damage, meaning damage can occur at lower peak temperatures. The Variable 

Heat Shock (VHS) model demonstrates that intermediate fluence ranges may 

shift tissue into a thermal damage zone, whereas higher fluences may actually 

return conditions toward safer exposure levels. 

SKIN HYDRATION AS A KEY CLINICAL FACTOR FOR SAFETY AND 

OUTCOMES

The study highlights skin hydration as a critical modifiable factor influencing 

treatment safety. Higher initial hydration reduces the impact of desiccation, 

shortens cooling times, and lowers the risk of thermal damage. Conversely, dry 

skin significantly amplifies desiccation effects, increasing exposure and risk. 

The authors conclude that pre-treatment skin hydration can mitigate adverse 

thermal effects and improve treatment outcomes, emphasizing the importance 

of hydration not only in ablative but also in non-ablative and sub-ablative Er:YAG 

procedures. 
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Abstract
Objectives: Erbium lasers have become an accepted tool for performing both
ablative and non‐ablative medical procedures, especially when minimal invasive-
ness is desired. Hard‐tissue desiccation during Er:YAG laser procedures is a well‐
known phenomenon in dentistry, the effect of which is to a certain degree being
addressed by the accompanying cooling water spray. The desiccation of soft tissue
has attracted much less attention due to the soft tissue's high‐water content,
resulting in a smaller effect on the ablation process.
Materials and methods: In this study, the characteristics of skin temperature decay
following irradiations with Er:YAG laser pulses were measured using a fast
thermal camera.
Results: The measurements revealed a substantial increase in temperature decay
times and resulting thermal exposure times following irradiations with Er:YAG
pulses with fluences below the laser ablation threshold. Based on an analytical
model where the skin surface cooling time is calculated from the estimated
thickness of the heated superficial layer of the stratum corneum (SC), the
observed phenomena is attributed to the accelerated evaporation of water from
the SC's surface. By using an Arrhenius damage integral‐based variable heat
shock model to describe the dependence of the critical temperature on the
duration of thermal exposure, it is shown that contrary to what an
inexperienced practitioner might expect, the low‐to‐medium level fluences
may result in a larger thermal damage in comparison to treatments where
higher fluences are used. This effect may be alleviated by hydrating the skin
before Er:YAG treatments.
Conclusion: Our study indicates that tissue desiccation may play a more important
role than expected for soft‐tissue procedures. It is proposed that its effect may be
alleviated by hydrating the skin before Er:YAG treatments.

KEYWORDS

critical temperature, Er:YAG, Erbium lasers, skin hydration, tissue desiccation

INTRODUCTION

Pulsed mid‐infrared Er:YAG laser is by now an accepted
tool for performing ablative1–3 as well as nonablative
medical procedures.4–8 This is because the Er:YAG laser
wavelength (λ = 2.94 μm) coincides with the major

absorption peak of the water molecule, and is thus
highly absorbed in virtually all biological tissues.9,10

There are three basic phases in tissue heating upon
exposure to Er:YAG laser irradiation.3 The tissue is first
heated directly within the optical absorption depth δ
(direct heating). The Er:YAG wavelength is very weakly

Lasers Surg Med. 2024;56:107–118. wileyonlinelibrary.com/journal/lsm | 107

This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial‐NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non‐commercial and no modifications or adaptations are made.
© 2023 The Authors. Lasers in Surgery and Medicine published by Wiley Periodicals LLC.



17

S
c
ie

n
ti

fi
c
 b

a
c
k
g

ro
u

n
d

The duration of the thermal pulse texp is determined by the 

duration of the laser pulse and the duration of the cooling 

phase, during which the heated tissue cools down by means of 

the relatively slow heat conduction.

Dependence of the published measured critical (damage

threshold) temperatures T
crit

 on the duration of thermal 

exposure t
exp

, together with the fitted critical temperature 

curve according to the VHS model. The transition coef cient 

of the VHS curve is equal to p = 0.135. The short exposure 

and long exposure Arrhenius dotted lines represent the 

dependence of the critical temperatures on the exposure time 

for the long exposure process 1, characterized by A
1
 = 3.0 x 

1087 s-1 and E
1
 = 5.5 x 108 J kmol-1, and for the short exposure 

process 2 characterized by A
2
 = 8.0 x 104 s-1 and E

2
 = 1.85 x 107 

J kmol-1.

Trajectories of estimated thermal exposures relative to the 

variable heat shock (VHS) critical temperature curve (dashed 

line) for different initial skin hydration levels H
i
 = 12%, 40%, and 

60%, as the Er:YAG laser pulse fuence is increased from F = 0.8 

J/cm2 to F = 8.4 J/cm2. The arrows show the direction of the 

increasing laser pulse uence.

model, it will be assumed that during a thermal pulse as
shown in Figure 2, the tissue's thermal exposure can be
approximated by an exposure to a constant temperature
Tmax for a duration texp = theat + tcool. Here, the heating
time (theat ≈ tlaser/2) represents the time during which the
temperature increases from Tmax/2 to its maximal value
(Tmax). Similarly, the cooling time (tcool) represents the
time during which the temperature drops to one half of the
maximal value.

Additionally, it will be assumed that following the
heating phase the tissue's surface temperature decays
exponentially from Tmax with a decay time τ ≈ (1/D)
dheat

2,30 where D ≈ 0.11mm2 s−117 is the thermal diffusivity
of the tissue and dheat represents the depth to which the
tissue had been heated by the end of the laser pulse. When
dheat is approximated by dheat ≈ δ+ dpulse, where δ is the
optical penetration depth and dpulse ≈ (D. tlaser)

1/230 is the
depth to which the deposited heat diffuses from the optical
penetration depth deeper into the tissue during the
duration of the laser pulse (tlaser), we obtain the following
very approximate equation for estimating the decay time τ:

τ δ≈ × + ×D D t(1/ ) ( ( ) ) .laser
1/2 2 (4)

Since the temperature decay time is approximated by
assuming an exponential decay, then tcool ≈ τ |ln (0.5)|.

Experiment

Measurements of the skin surface temperature evolution
following a single Er:YAG laser pulse were made using a

high‐speed thermal camera (FASTM3K, manufactured by
Telops Inc.) operating at a maximum frame rate of
100 kHz. The lens had focal length f= 50mm and
f‐number f/# = 2.3. As the camera detects thermal radia-
tion in spectral range 1.5‐5.4 μm we used additional long‐
pass optical filter with effective cut‐off wavelength at 3 μm
to block Er:YAG light. However, small amount of this
light was still detected during the laser pulse. The in vivo
measurements were performed on the arms of some of the
authors (ML, JK, TZ, MK, DS). Informed consent was
obtained from all participants and the procedures were
performed according to the Declaration of Helsinki. The
irradiation procedure used in this study has been cleared
for use in the EU according to MDD 93/42 EC‐MEDDEV
2.7/1 and is as such regularly applied to treat patients. The
imaging study was approved by the Slovenian national
ethics committee (application number 111/02/12).

The Er:YAG system used was a Dynamis SP
(manufactured by Fotona, d.o.o.). The laser was flashlamp
pumped and was fitted with noncontact handpieces
(Fotona R11 handpiece with adjustable circular spot size
d= 2–7mm and Fotona R04 handpiece with
d= 2–10mm). Laser irradiations of the skin were made
at different fluences (energies E per spot area, in
J/cm2), F=E/(πd2/4).

The laser was operated in the following pulse modes
and pulse durations tlaser: MSP (nominal duration
tp= 200 μs), SP (nominal duration tp = 300 μs), LP
(nominal duration tp = 480 μs), VLP (nominal duration
tp = 800 μs), and XLP (nominal duration tp = 1200 μs).
As the laser pulse duration depends to a certain degree
also on the laser pulse energy, and therefore on the used
spot size for the same fluence, the actual pulse durations
and shapes under different experimental settings were
measured using an InAs diode and an oscilloscope.

As the thermal camera detected also the Er:YAG
radiation reflected from the skin surface, it was only
possible to measure the skin temperature evolution in the
absence of Er:YAG radiation, that is, after the Er:YAG
laser pulse had ended. Also, as the camera assumes a
uniform body temperature the measured temperatures
represented a weighted average of the skin temperature
within the penetration depth of the detected thermal
radiation of about 10 μm.

To avoid any thermal sensor saturation effects,
temperature readings were made only for times after the
end of the laser pulse, where the skin temperature (T) still
remained approximately at its maximal value, Tmax. A
typical temporal evolution of the normalized skin temper-
ature increase ΔT/ΔTmax = (T−T0)/(T−Tmax) following a
laser pulse is shown in Figure 3. The temperature decay
exhibited an approximately two‐exponential behavior,
with the decay time τ describing the decay behavior at
short times, and the long decay time τ2 describing the decay
behavior at long times.

Two commercially available electrical instruments were
used to evaluate the hydration state of the skin surface.

FIGURE 2 The duration of the thermal pulse texp is determined by
the duration of the laser pulse and the duration of the cooling phase,
during which the heated tissue cools down by means of the relatively
slow heat conduction.
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approximately the same Δδ regardless of the initial
hydration level, this means that by using the dependence
of Δδ on laser fluence (Figure 13) it is possible to estimate
the dependence of decay times and resulting exposure
times on laser fluence for an arbitrary initial hydration
level. Figure 14 thus shows the predicted behavior of the
thermal exposure for the same range of fluences as in
Figure 9 for two additional initial hydration levels, for a
lower (Hi= 12%) and higher (Hi= 60%) initial hydration
level. It is to be noted that in this calculation a slight
dependence of Tmax onHi (Figure 11) was also taken into
account. This dependence is attributed to the increased
heat capacity of the more water rich SC.

As can be concluded from Figure 14, the effect of
desiccation on the potential thermal damage is subs-
tantially more pronounced when the treatment is
performed on dry skin. Thus, for Hi = 12%, the thermal
exposure crosses the critical temperature curve already
at F = 1.4 J/cm2 and remains deep into the damage zone
even for higher fluences. On the other hand, for
Hi = 60%, the thermal exposure crosses the critical
temperature curve only slightly at 3.4 J/cm2 and returns
fully back into the safe zone at about 4 J/cm2.

The exact range of thermal exposures where the
transition into the “unsafe” zone occurs cannot be
concluded from our simplified analysis based on assum-
ing a square shaped thermal pulse with the temperature
as measured by the thermal camera. However, the
presented phenomena are in agreement with anecdotal
reports by the Dynamis Er:YAG laser users that the
recovery times are longer when relatively low laser
fluences in the range of about 1–5 J/cm2 are used.

Figure 14 thus suggests that by pre‐hydrating the
skin it may be possible to avoid or at least minimize
thermal damage due to tissue desiccation at intermedi-
ate single‐pulse fluences. However, as shown in
Figure 8, a gradual tissue desiccation may occur as
well during a delivery of a train of low‐fluence pulses.
Therefore, tissue desiccation effects may have to be
taken into account also when performing non‐ablative
SMOOTH treatments consisting of a delivery of a train
of subablative pulses with the individual pulse fluences
below F = 0.5 J/cm2.8

Finally, it is worth noting that it would be a
substantial challenge using standard electrical conductiv-
ity or capacitance measuring devices to study the effects
of desiccation on the skin's thermal exposure during and
immediately after short duration Er:YAG laser pulses.
This is because electrical measurements take time, while
during this time the tissue has been observed to already
react to the thermal and/or ablative damage, for example
by oozing, thus effectively changing the hydration levels
of the SC. Similarly, using standard electrical measuring
devices it would not be possible to track gradual changes
in the skin's hydration during a fast sequence of several
laser pulses.

CONCLUSIONS

In conclusion, our opto‐thermal radiometry measure-
ments using a fast thermal camera have revealed a
substantial increase in the cooling times of the skin's
surface following irradiations by Er:YAG laser pulses, as
the laser pulse fluences are increased up to the skin
ablation threshold. Based on an analytical model where
the skin surface cooling time is calculated from the
estimated thickness of the heated superficial layer of the
SC, the observed phenomena is attributed to the
evaporation of the free, and potentially also of the
loosely bound, secondary water during the laser pulse
irradiation.

As the increase in the cooling times due to the
tissue's desiccation results in longer duration exposures
of the skin surface to elevated temperatures, this
process leads also to a reduction in the critical
temperature for tissue damage. By using an Arrhenius
damage integral‐based VHS model to describe the
dependence of the critical temperature on the duration
of thermal exposure, it was shown that contrary to
what an inexperienced practitioner might expect, the
low‐to‐medium level fluences up to about 4 J/cm2 may
result in a larger thermal damage in comparison with
the use of higher fluences.

This indicates that tissue desiccation may play an
important role not only in hard‐tissue surgery and
dentistry but also in aesthetic, dermatological, and other
soft‐tissue Er:YAG laser procedures. Hydrating the skin
before Er:YAG laser treatments is recommended.

FIGURE 14 Trajectories of estimated thermal exposures relative to
the variable heat shock (VHS) critical temperature curve (dashed line)
for different initial skin hydration levels Hi = 12%, 40%, and 60%, as
the Er:YAG laser pulse fluence is increased from F = 0.8 J/cm2 to
F= 8.4 J/cm2. The arrows show the direction of the increasing laser
pulse fluence.
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observed temperature behavior was analyzed from the
viewpoint of tissue desiccation using an approximate
analytical model.

Analytical model

A commonly used metric for tissue damage (Ω) is the
ratio of the concentration of native (undamaged) tissue
before thermal exposure (C0) to the concentration of
native tissue at the end of the exposure time (Cf). The
tissue damage is then calculated using the Arrhenius
damage integral calculated over the time of the thermal
exposure23,24:

∫Ω = = −C C A E RT t dtln( / ) exp( / ( )) .0 f (1)

Here, A is the frequency factor, that is, the damage
rate (in s−1), E is the activation energy (in J/kmol), and R
is the gas constant (R= 8.31 103 J/kmol K).

The above tissue damage kinetics is commonly
characterized by a critical (i.e., damage threshold)
temperature (Tcrit), which is, assuming a square‐shaped
temperature pulse with a constant temperature during
the thermal exposure time (texp), defined by23,24:

=T E R A t/( ln( ),crit exp (2)

and represents the temperature at which the concentra-
tion of the undamaged tissue is reduced by a factor of
e (i.e., when Ω= 1).

Studies of tissue damage dynamics have shown that
when considering extremely short and long exposure
times, cell viability cannot be described by a single
biochemical process of Equation (1).26 At extremely
short exposure times (commonly present during Er:YAG
laser treatments),18,27–29 the critical temperature exhibits
a shift to temperatures, which are much higher than what
would be expected from a single biochemical process
characterizing the damage dynamics at long exposure
times.25 In this study, the variable heat shock (VHS)
tissue response model will be applied,26 which takes into
account the observed deviation by describing the cell
viability as a combined effect of two biochemical
processes that dominate cell survival characteristics at
very short and very long exposure times (see Figure 1).
The effective VHS damage integral (ΩVHS) and VHS
critical temperature are therefore calculated from the
combined effect of the damage integrals belonging
correspondingly to the long exposure process 1 and
short exposure process 2, according to26:

Ω = Ω + Ω(1/ ) (1/ ) (1/ ) ,p p p
VHS 1 2 (3)

where p is the transition coefficient that determines the
transition between the two limiting processes.

It should be noted that Equations (1–2) describe
damage characteristics for square‐shaped temperature
pulses. For long exposure times, approximately square‐
shaped temperature pulses are relatively easy to achieve.
However, when using an Er:YAG laser to create a thermal
pulse within a tissue, the shape of the generated tempera-
ture pulse typically resembles more a quasi “triangular”
shape than a square shape (see Figure 2). The thermal
pulse consists of a temperature ramp‐up heating phase
during which the temperature reaches its maximal value
(Tmax), and a temperature ramp‐down cooling phase
during which the temperature returns back to its initial
temperature T0 (see Figure 2). The heating phase lasts for
the duration of the laser pulse (tlaser), whereas the cooling
phase is determined predominantly by the rate of the heat
flow away from the heated tissue volume. This is because
once the tissue is heated up, its temperature persists also
after the energy pulse has ended. The temperature remains
high until the tissue is cooled down by the process of heat
conduction into the surrounding colder volume. It is
therefore the thermal conduction process rather than the
energy pulse duration itself which typically sets the lower
limit to the achievable duration of a thermal pulse.3,11

For nonsquare‐shaped thermal pulses, a special VHS
integration method has been developed,26 which takes into
account that the exposure time to low temperatures present
at the base of a thermal pulse is relatively long, whereas the
exposure time to higher temperatures is increasingly
shorter towards the peak of the “triangularly” shaped
temperature pulse. However, in our simplified analytical

FIGURE 1 Dependence of the published measured critical (damage
threshold) temperatures Tcrit on the duration of thermal exposure texp,

18,

25,27–29 together with the fitted critical temperature curve according to the
VHS model.26 The transition coefficient of the VHS curve is equal to
p= 0.135. The short exposure and long exposure Arrhenius dotted lines
represent the dependence of the critical temperatures on the exposure time
for the long exposure process 1, characterized by A1 = 3.0 × 1087 s−1 and
E1 = 5.5 × 108 J kmol−1, and for the short exposure process 2
characterized by A2 = 8.0 × 104 s−1 and E2 = 1.85× 107 J kmol−1.
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Objective monitoring of laser tattoo 
removal in human volunteers using an 
innovative optical technique: A proof of 
principle

OBJECTIVE MONITORING OF LASER TATTOO REMOVAL USING OPTICAL 

TECHNIQUES

This study introduces a non-invasive method for objectively monitoring laser 

tattoo removal by combining diffuse reflectance spectroscopy (DRS) and pulsed 

photothermal radiometry (PPTR) with computational modeling. Traditional 

evaluation methods such as visual inspection are subjective, while histological 

analysis is invasive. This approach enables quantitative assessment of tattoo 

properties, including ink concentration and depth, allowing for more accurate 

and reproducible monitoring of treatment progress.

GRADUAL INK REDUCTION AND LAYER-BY-LAYER REMOVAL

The results show a progressive decrease in tattoo ink concentration with 

repeated laser treatments, along with a shift of the remaining pigment deeper 

into the skin. This confirms that tattoo removal occurs in a layer-by-layer process, 

where superficial ink is removed first. The reduction in pigment is gradual and 

reflects both laser-induced fragmentation and biological clearance mechanisms 

over time.

EFFECT OF LASER PARAMETERS ON TREATMENT OUTCOME

The study compares nanosecond and picosecond laser pulses, demonstrating 

that both can effectively reduce tattoo pigment. In this case, nanosecond pulses 

achieved slightly greater ink reduction, mainly due to higher delivered energy. 

Treatment success depends on pulse duration, energy level, and number of 

sessions, as well as delayed biological processes involved in pigment removal. 

Lower energy treatments tend to produce slower or less pronounced results.

IMPORTANCE OF TATTOO CHARACTERISTICS AND PERSONALIZED 

TREATMENT

The study highlights that tattoo characteristics significantly influence treatment 

response, especially ink density and depth. Tattoos with higher pigment 

concentration or deeper placement are more difficult to remove and require 

more intensive treatment. Increasing energy improves effectiveness, while very 

low energy produces minimal changes. These findings support the need for 

personalized treatment protocols based on objective measurements rather than 

visual assessment alone.
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Abstract
Objectives: Assess the suitability of the technique for objective monitoring of laser
tattoo removal by an extended treatment protocol.
Materials and Methods: One half of the tattoo in the first volunteer was treated
with nanosecond and the other half with picosecond laser pulses at 1064 nm. In
the second subject, four test areas were treated repeatedly using different radiant
exposures from 1.5 to 6 J/cm2. Measurements of diffuse reflectance spectra and
photothermal radiometric transients were performed 4–20 weeks after each
treatment session. Inverse Monte Carlo analysis based on a three‐layer model of
tattooed skin was applied to assess the tattoo characteristics and analyze their
changes.
Results: The results clearly indicate a gradual reduction of the ink content and an
increase of the subsurface depth of the tattoo layer with all treatments at a radiant
exposure of 3 J/cm2 or higher. The observed dependences on laser pulse duration,
radiant exposure, and a number of treatments are in excellent agreement with
visual fading of the tattoo.
Conclusions: The presented methodology enables noninvasive characterization of
tattoos in human skin and objective monitoring of the laser removal treatment.

KEYWORDS

diffuse reflectance spectroscopy, inverse Monte Carlo, laser tattoo removal, pulsed photothermal
radiometry, skin characterization

INTRODUCTION

Laser treatment is the primary choice for safe and
effective removal of unwanted tattoos. Upon selective
absorption of short and intense laser pulses, the ink or
pigment particles that constitute the tattoo are broken
into smaller fragments by thermally induced mechanical
stress. This enables specialized cells (called macrophages)
to engulf the particle debris and remove it through the
lymphatic system, which leads to gradual fading of the
tattoo in the following weeks and months.1–3

However, the described tattoo removal treatment
may sometimes cause adverse side effects, such as hypo‐

and hyperpigmentation, scarring, or infection. On the
other hand, a too‐conservative treatment protocol can
reduce the effectiveness of each treatment session, thus
prolonging the therapy to several years and/or limiting its
ultimate effectiveness. Therefore, innovative treatment
protocols and devices are constantly being developed.
However, the customary visual assessment of the
treatment effect is subjective and inaccurate. The
application of colorimetry enables an objective assess-
ment of the visual impression, but provides no specifics
on the actual changes within the tattoo layer and can fail
to register partial treatment effects in dense tattoos.4,5

Conversely, histological analyses, which are considered

Lasers Surg Med. 2023;55:724–733.724 | wileyonlinelibrary.com/journal/lsm
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(A) The assessed amount of black ink and (B) subsurface depth of the tattoo layer before and after the first and second treatment 

with the nanosecond or picosecond laser. The error bars represent standard deviations assessed from 5 IMC runs.

Temperature depth profiles reconstructed from the PPTR signals, indicating the energy deposition of 532 nm light in the tattooed 

test sites over the course of treatment with the (a) nanosecond, and (b) picosecond laser pulses. The result obtained from non-

tattooed skin is presented for comparison. PPTR, pulsed photothermal radiometry.

(A) The assessed amount of tattoo ink and (B) the subsurface depth of the tattoo layer before and after the first, second, and third 

removal treatment with different radiant exposures. The error bars are standard deviations from 5 IMC runs.

(A) (B)

Moreover, the final value of ink after two treatments
with the nanosecond laser pulses is smaller than that
obtained with the picosecond pulses at lower radiant
exposures (i.e., 2.8% ± 0.1% vs. 3.3% ± 0.1%). This is,
again, supported by the photographs in Figure 1, where
blanching of the black elements appears somewhat
stronger in the left part of the tattoo compared with
the right side.

In addition, our results indicate that the upper
boundary of the tattoo layer (dtat) has moved considera-
bly deeper after the second treatment with either laser,
and perhaps a little bit also after the first treatment with
picosecond pulses (Figure 5B). This strongly supports the
notion that laser removal of tattoos progresses incre-
mentally, by sequential removal of a relatively thin
superficial part of the tattoo layer where the incident
light induces the strongest heating of black
particulates.4,5

This effect can be corroborated by using the PPTR
signals from Figure 4A,B to reconstruct the temperature‐
depth profiles induced by the subtherapeutic 532 nm laser
pulse. This approach is, namely, independent from the
analysis using the four‐layer optical model as applied
above (together with DRS), and has been extensively
tested both in vitro and in vivo.15,20,26,31,32,33

In the obtained temperature profiles (Figure 6A,B),
the most superficial peaks reflect the absorption of
incident light in the epidermal melanin, while the
temperature rise deeper than approximately 0.1 mm is
primarily due to absorption in the tattoo layer. These
results clearly show how the deeper temperature peak
was significantly reduced in amplitude and also shifted
deeper after the second treatment with both lasers.
Meanwhile, the effect of the first treatment (picosecond
laser only, Figure 6B) is considerably smaller, albeit
acting in the same direction. Since both treatments
followed the same protocol, we tentatively attribute this
difference to the significantly shorter delay between the
first treatment and the respective measurement session
(i.e., 8 weeks), which may have been insufficient for the
complete removal of the tattoo particle debris.

Alternatively, this difference might result from a
cumulative effect of both treatments. For example, the
first treatment might induce breaking of some tattoo
particles, but not to the extent where they could be
removed by the tissue inflammation response. Following
the removal of finer debris, the second treatment could
break them into smaller particles, enabling much
stronger blanching by capitalizing on the combined
effect of both treatment sessions.

Regardless of such details, it is clear that both the
reduced concentration (ink) and increased depth of the
tattoo layer (dtat) would lead to its visual fading, which
means that our results are in excellent agreement with the
changes of the tattoo appearance evidenced by
Figure 1A–C. The blanching after the second treatment
is undoubtedly stronger than after the first treatment,
and is somewhat more pronounced on the left side of the
tattoo, which was treated with nanosecond laser pulses.

It is interesting to note that our results also indicate a
marked increase of the epidermal thickness (depi) and a
weak trend of increasing scattering amplitude (aepi) over
the course of treatment. It seems plausible that either one
of these effects, which would also contribute to visual
blanching of the tattoo, may have been induced by the
laser irradiation through stimulation of the keratinocytes
at the epidermal basal layer.

DISCUSSION

In the presented study, we have adapted our recently
developed approach for noninvasive assessment of
structure and composition of human skin in vivo, based
on inverse Monte Carlo analysis of data obtained from
two complementary optical measurements,6,8 for non-
invasive monitoring of laser tattoo removal in human
volunteers. The main modification was introduction of
additional absorbers (ink) and scatterers (aink, pink)
representing the black tattoo particles, below an
unknown subsurface depth (dtat). On the other hand,
the deepest layer representing the subcutis could be

(A) (B)

FIGURE 6 Temperature depth profiles reconstructed from the PPTR signals in Figure 4A,B, indicating the energy deposition of 532 nm light in
the tattooed test sites over the course of treatment with the (a) nanosecond, and (b) picosecond laser pulses (see the legends). The result obtained
from non‐tattooed skin is presented for comparison. PPTR, pulsed photothermal radiometry.

730 | OBJECTIVE MONITORING OF LASER TATTOO REMOVAL

 10969101, 2023, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/lsm

.23720 by C
ochrane Slovenia, W

iley O
nline Library on [24/04/2026]. See the Term

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline Library for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons License

)B()A(



20

S
c
ie

n
ti

fi
c
 b

a
c
k
g

ro
u

n
d

Measurements of hair temperature 
avalanche effect with alexandrite and 
Nd:YAG hair removal lasers

AVALANCHE EFFECT IN LASER HAIR REMOVAL: A NONLINEAR THERMAL 

RESPONSE

This study investigates the photothermal behavior of human hair during laser hair 

removal using Nd:YAG (1064 nm) and alexandrite (755 nm) lasers. The authors 

identify a nonlinear “avalanche effect”, where hair temperature increases more 

rapidly than expected from linear energy absorption. This effect occurs when 

hair is exposed either to a single high-fluence pulse or multiple low-fluence 

pulses, leading to enhanced heating efficiency. These findings help explain why 

different clinical techniques, including both stamping and brushing methods, can 

effectively achieve hair reduction. 

THRESHOLD-DEPENDENT TEMPERATURE AMPLIFICATION

The study shows that hair temperature initially increases linearly with laser 

fluence, but above a threshold fluence, the response becomes nonlinear and 

significantly amplified. The avalanche threshold was identified at approximately 

10 J/cm2 for Nd:YAG and 2.5 J/cm2 for alexandrite lasers, reflecting differences 

in absorption. This effect becomes evident when hair temperature exceeds 

approximately 45°C, after which subsequent laser pulses produce progressively 

greater temperature increases. This defines a critical transition point for efficient 

thermal targeting of hair. 

MULTIPLE LOW-FLUENCE PULSES INCREASE TREATMENT EFFICIENCY

A key finding is that repeated low-fluence pulses can achieve equal or greater 

heating compared to single high-fluence pulses. The study shows that delivering 

up to 50 consecutive pulses significantly enhances the thermal response, with an 

avalanche gain greater than 2. This cumulative effect is attributed to changes in 

the hair’s optical and structural properties during heating, which increase energy 

absorption over time. These findings support the effectiveness of “in-motion” or 

brushing techniques, where lower energy pulses are delivered repeatedly across 

the treatment area. 

STRUCTURAL CHANGES IN HAIR DRIVE THE AVALANCHE EFFECT

The avalanche effect is linked to temperature-induced structural and optical 

changes in the hair shaft, including increased absorption and surface alterations. 

At moderate temperatures (~50–90°C), changes are mainly limited to the 

outer layers, while higher temperatures (>200°C) lead to significant structural 

degradation, further increasing absorption. Simulations indicate that this effect 

also occurs in hair located within the skin, where light scattering enhances 

energy retention in the follicle, supporting the clinical relevance of the findings. 
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Abstract
Background and Objectives: In this study, we investigate the photothermal
response of human hair using a pulsed laser source employed in the hair removal
treatment. The purpose is to understand the dynamics behind the most common
clinical practice to better define the salient features that may contribute to the
efficiency of the process.
Study Design/Materials and Methods: Temperature changes of hair samples
(dark brown color) from a human scalp (skin type Fitpatrick II) were measured
by a thermal camera following irradiation with single and multiple neodymium:
yttrium‐aluminum‐garnet (Nd:YAG) (1064 nm) and alexandrite (755 nm) laser
pulses. Particularly, the hair was treated with an individual laser pulse of a
sufficiently high fluence, or with a series of lower fluence laser pulses. We
investigated the temperature increase in a broad range of fluence and number of
pulses. From the data analysis we extrapolated important parameters such as
thermal gain and threshold fluence that can be used for determining optimal
parameters for the hair removal procedure. Our experimental investigations and
hypothesis were supported by a numerical simulation of the light‐matter
interaction in a skin‐hair model, and by optical transmittance measurements of
the irradiated hair.
Results: An enhancement of the temperature response of the irradiated hair, that
deviates from the linear behavior, is observed when hair is subjected to an
individual laser pulse of a sufficiently high fluence or to a series of lower fluence
laser pulses. Here, we defined the nonlinear and rapid temperature built‐up as an
avalanche effect. We estimated the threshold fluence at which this process takes
place to be at 10 and 2.5 J/cm2 for 1064 and 755 nm laser wavelengths,
respectively. The thermal gain expressed by the degree of the deviation from the
linear behavior can be higher than 2 when low laser fluence and multiple laser
pulses are applied (n= 50). The comparison of the calculated gain for the two
different laser wavelengths and the number of pulses reveals a much higher
efficiency when low fluence and multiple pulses are delivered. The avalanche effect
manifests when the hair temperature exceeds 45°C. The enhanced temperature
increase during the subsequent delivery of laser pulses could be ascribed to the
temperature‐induced changes in the hair's structural properties. Simulations of
the hair temperature under Nd:YAG and alexandrite irradiation indicate that the
avalanche phenomenon observed in the hair suspended in air may apply also to
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Temperature increase ΔT
p
, of the same hair section following 

consecutive irradiation by individual Nd: YAG laser pulses. 

In the initial phase (represented by open circles), the pulse 

fluence of individual pulses (F
p
) was increased from pulse to 

pulse, starting with the first pulse with F
p
= 5J/cm2, and ending 

with the final pulse with F
p
 = 25J/cm2. In the subsequent phase 

(represented by closed circles), the individual pulse fluences 

(F
p
) were decreased from pulse to pulse, starting with the

first pulse with F
p
 = 25J/cm2, and ending with the final 13th 

pulse with F
p
 = 6J/cm2.

Gradual increase of the avalanche gain G
aval

 during the delivery 

of Nd:YAG pulses. 

Calculated elevated temperature of the hair (at z = 1 mm) and 

follicle (at z = 2.5 mm) as a function of the Nd:YAG (A) or 

alexandrite (B) single pulse laser uence. The dotted lines

represent the temperature threshold for the avalanche effect. 

(A) Transmittance spectra of the hair 

following a single high uence (F
p
 = 12.5 J/

cm2) alexandrite laser pulse (black solid 

line), and following 50 low fuence (F
p
 

= 5 J/cm2) alexandrite laser pulses (red 

solid line). The corresponding reference 

measurements are represented by

the dashed lines. (B) Optical images of 

the hair shaft, after irradiation with a 

single high uence alexandrite pulse (left 

panel), before irradiation (central panel) 

and after irradiation by 50 low fuence 

alexandrite laser pulses (right panel).

with Fp = 25 J/cm2, and ending with the final 13th pulse
with Fp= 6 J/cm2. The pulses were delivered at suffi-
ciently long separation times to allow the hair to cool
down in‐between pulses.

Temperature elevation after each laser pulse can be
approximated by the equation30:

μ
ρ

Δ =T
c
Fp

a

p
p (1)

where μa, ρ, and cp are absorption coefficient, density,
and specific heat. The equation shows linear relation with
the laser fluence Fp under the assumption of constant
material parameters. However, Figure 3 shows that
the increase of ΔTp is linear only up to approximately
10 J/cm2. Above this level, the temperature elevation is
growing progressively. We attribute the observed devia-
tion from the linear dependence of Equation 1 to the
“avalanche” effect, i.e., to the increased thermal response
of the human hair after being irradiated (i.e., “pumped”)
by a laser pump pulse with Fp> Faval, where Faval is the
threshold fluence required for the avalanche effect. For
the used Nd:YAG laser parameters and the measured
hair the avalanche threshold was found to be at about
Faval ≈ 10 J/cm

2. The observed hysteresis in Figure 2
demonstrates this dependence of the hair's thermal
response on the irradiation history.

As it is illustrated in Figure 3, we can divide the
temperature elevation ΔTp into two contributions:

Δ = Δ + ΔT T Tp lin aval (2)

where ΔTlin represents the “no‐avalanche” and ΔTaval

represents the additional temperature increase due to the

avalanche effect. By combining all material parameters
into a single temperature coefficient (K), we can rewrite
the Equation (1) accordingly:

Δ =T KF .lin p (3)

The temperature coefficient K (with KNd ≈ 1.56°
C·cm2/J as measured for Nd:YAG laser pulses) defines
the linear growth of ΔTp with Fp, as observed at low
fluences. And further, we can define the avalanche gain
as:

= +
Δ
Δ

G
T
T

1 .aval
aval

lin
(4)

It is important to note that Gaval depends mainly on
the hair absorption cross‐section and the absorbed laser
fluence at each consecutive laser pulse.

Similar “avalanche” effect was observed also for the
alexandrite laser which is characterized by a higher
absorption in the measured human hair (KAlex= 5.8°
C·cm2/J). The avalanche threshold was observed at a
lower fluence of Faval ≈ 2.5 J/cm

2.
The next set of measurements was performed to

determine whether it is possible to reach large avalanche
gains Gaval by delivering a series of relatively low fluence
pump pulses. In this order, up to N= 50 consecutive
pump pulses with a fixed pump pulse fluence (Fp) was
delivered to the same hair section at a sufficiently slow
repetition rate to prevent hair temperature build‐up from
pulse to pulse. As an example, Figure 4 shows the
evolution of hair temperatures during the delivery of a
series of Nd:YAG or alexandrite pump laser pulses with
the pump fluences of 14.4 J/cm2 (for Nd:YAG) and 5 J/
cm2 (for alexandrite), set to be only slightly above the
corresponding avalanche thresholds.

Figure 5 shows the evolution of the avalanche gain
for the Nd:YAG pulse series of Figure 4B. The initial
avalanche gain as observed for the first pulse in the series
gets significantly additionally enhanced during the
delivery of the subsequent 20–30 pulses.

Figure 6 represents an overview of the measured
dependences of the avalanche gain (Gaval) on the pump
fluence (Fp) and the number of delivered pulses N, for the
Nd:YAG and alexandrite laser wavelength.

Finally, Figure 7 shows the measured relationship
between the elevated hair temperature following a single
pump pulse, and the resulting avalanche gain. Above the
avalanche threshold temperature (Taval) of about 45°C
the avalanche gain grows approximately linearly with the
elevated hair temperature regardless of the type of laser.

A potential dependence of the avalanche effect on the
repetition rate of laser pulses was also tested. Figure 8
shows the evolution of temperatures when a hair was
irradiated by alexandrite laser pulses resulting in a
single pulse temperature of Tp= 55 ± 2.5°C, and deliv-
ered at different time intervals of 60, 30, 15, and 2 s.

FIGURE 3 Temperature increase ΔTp of the same hair section
following consecutive irradiation by individual Nd:YAG laser pulses. In
the initial phase (represented by open circles), the pulse fluence of
individual pulses (Fp) was increased from pulse to pulse, starting with the
first pulse with Fp= 5J/cm2, and ending with the final pulse with Fp= 25J/
cm2. In the subsequent phase (represented by closed circles), the individual
pulse fluences (Fp) were decreased from pulse to pulse, starting with the
first pulse with Fp= 25J/cm2, and ending with the final 13th pulse with
Fp= 6J/cm2. Nd:YAG, neodymium: yttrium‐aluminum‐garnet
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Measurements revealed that for low Tp the induced
changes in the hair's photothermal response were very
short‐lived, with a life‐time of about 5 s. However, when
the laser fluence was increased to result in Tp above
approximately 70°C the change in the photothermal
response was observed to persist for longer than 60 s.

Hair transmittance measurements

The avalanche effect was observed by the irradiation of a
hair with either a single high fluence pulse or a sequence
of lower fluence pulses exceeding the avalanche threshold
and compared to assess the origin of the effect the optical
properties of hairs were measured before and after

FIGURE 4 Hair temperature evolution during the delivery of
N= 50 alexandrite (A) or Nd:YAG (B) pump pulses with Fp= 5 J/cm2

(alexandrite) and Fp= 14.4 J/cm2 (Nd:YAG). The pulse repetition rate
was 0.5 Hz. Nd:YAG, neodymium: yttrium‐aluminum‐garnet

FIGURE 5 Gradual increase of the avalanche gain Gaval during the
delivery of Nd:YAG pulses shown in Figure 4B. Nd:YAG,
neodymium: yttrium‐aluminum‐garnet

FIGURE 6 Dependence of the avalanche gain (Gaval) on the pump
fluence (Fp) and the number of delivered pulses (N), for the Nd:YAG
and alexandrite laser wavelength as obtained from the experimental
data. The lines are to guide the eye only. Nd:YAG, neodymium:
yttrium‐aluminum‐garnet

FIGURE 7 Dependence of the avalanche gain (Gaval) on the
elevated hair temperature (Tp) following a single Nd:YAG or
alexandrite pump laser pulse. The threshold temperature (Taval) for the
avalanche effect is observed to be at approximately 45°C. Nd:YAG,
neodymium: yttrium‐aluminum‐garnet

FIGURE 8 Dependence of the evolution of the elevated hair
temperature (Tp) following alexandrite pump laser pulses at different
pulse periods of 60, 30, 15, and 2 s
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irradiation by the alexandrite laser with either a single
high fluence pulse (Fp= 12.5 J/cm2), or a series of 50 low
fluence pulses (Fp= 5 J/cm2).

The measured changes in the transmittance of the
hair after laser pump irradiation are depicted in
Figure 9A. The spectrum of a nonirradiated hair is
characterized by the increasing transmittance (i.e.,
decreasing absorbance) towards higher wavelengths.
The broad absorption spectrum is typical for melanin,
and results from the superimposition of a number of
distinct chromophore absorption bands over the visible
and near infrared range.31

A difference between the two reference measure-
ments can be observed below 550 nm. The discrepancy
is most likely caused by an inadequate thermalization
of the spectrometer light source before performing the
alexandrite reference transmittance measurement
(black dashed line). Since a halogen light source was
used, that is characterized by a low intensity in the blue
part of the spectrum, any slight deviation in the
emission intensity significantly affected the measured
transmittance in this part of the spectrum. However,
the spectra above 550 nm agree very well, demonstrat-
ing that optical properties of the two hairs in the
infrared region were almost identical.

The irradiation with a single pulse of alexandrite at
high fluence (Fp= 12.5 J/cm2) leads to the avalanche gain
of Ga> 3 (see Figure 6), resulting in Tp> 200°C, which is
in the temperature range that has been found to result in
a total desiccation and consequent degradation of the
hair.32 As a result, the transmittance of the hair gets
drastically reduced over a broad spectral range.
Optical inspection under the microscope in Figure 9B
(left panel) showed a visible change of the hair
structure (surface and shape) and a consequent

darkening (charcoaling) of the hair. It is to be noted
that in the absence of the avalanche gain the final
temperature would reach only about 100°C where no
significant damage to the cortex has been observed.33

A less pronounced decrease in transmittance was
observed following the irradiation by 50 consecutively
delivered low fluence (Fp= 5 J/cm2) pulses. The corre-
sponding final elevated temperature of about 90°C (see
Figure 4B) is in the range for which only damage to the
cuticle, without damage to the cortex is expected.33

Accordingly, Figure 9B shows a slightly deteriorated hair
cuticle exhibiting irregular surface geometry.

Simulation results

Since the experimental results were obtained in a hair
suspended in air, a numerical study simulating hair
irradiation in a skin was performed to study the
relevance of the observed avalanche effect in clinical
settings. Figure 10 shows the dependence of the
calculated temperature increase of the hair at a depth
of z= 1mm, and at the follicle located at z= 2.5 mm, for
different values of laser types and pulse fluence imping-
ing on the skin surface. For both lasers, the temperatures
of the hair and follicle within the skin are at clinically
used fluences above the avalanche threshold observed for
the hair suspended in air.

The simulations also show that despite of the beam
being progressively absorbed by the skin chromophores
the temperature increase of the hair located within the
skin is similar to that of the hair suspended in air due to
the scattering of the laser light within the skin matrix,
effectively enhancing the number of photons that get
trapped within the highly absorbing hair.

FIGURE 9 (A) Transmittance spectra of the hair following a single high fluence (Fp= 12.5 J/cm2) alexandrite laser pulse (black solid line), and
following 50 low fluence (Fp= 5 J/cm2) alexandrite laser pulses (red solid line). The corresponding reference measurements are represented by
the dashed lines. (B) Optical images of the hair shaft, after irradiation with a single high fluence alexandrite pulse (left panel), before irradiation
(central panel) and after irradiation by 50 low fluence alexandrite laser pulses (right panel)
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Influence of skin type and light scattering 
on induced skin temperatures during 
Nd:YAG and Alexandrite laser treatments 
in dermatology

INFLUENCE OF SKIN TYPE AND LIGHT SCATTERING ON LASER-INDUCED 

TEMPERATURES

This study investigates how skin type and light scattering affect temperature 

distribution during Nd:YAG (1064 nm) and Alexandrite (755 nm) laser treatments. 

As laser light penetrates the skin, scattering causes the beam to spread outward, 

reducing the effective fluence reaching deeper targets. The study uses thermal 

imaging to evaluate how these effects influence treatment outcomes across 

different Fitzpatrick skin types, highlighting the importance of tissue optics in 

dermatological laser procedures. 

LARGER SPOT SIZES INCREASE EFFECTIVE HEATING

A key finding is that skin surface temperature increases with larger laser spot 

sizes, even when the same fluence is applied. This occurs because scattering 

spreads the beam by a relatively constant amount, meaning smaller beams lose a 

greater proportion of their energy. As a result, larger spot sizes maintain higher 

effective fluence within the skin, improving thermal efficiency and treatment 

effectiveness. This explains why larger spot sizes are often preferred in clinical 

laser treatments. 

SKIN TYPE STRONGLY INFLUENCES HEATING AND SAFETY

The study confirms that skin type significantly affects laser-induced temperature 

distribution, mainly due to differences in melanin absorption. Darker skin types 

show higher epidermal absorption, leading to increased surface heating and 

reduced energy penetration to deeper tissues. Lighter skin types allow deeper 

and more uniform heating. These differences impact both treatment effectiveness 

and safety, requiring careful adjustment of parameters for different skin types to 

avoid complications. 

PULSE DURATION AND THERMAL EXPOSURE DETERMINE TISSUE RESPONSE

The study highlights that pulse duration plays a critical role in thermal behavior. 

Short pulses create rapid temperature peaks followed by fast and slow cooling 

phases, while long pulses allow more uniform heat distribution across tissue 

layers. Importantly, tissue response depends not only on peak temperature but 

also on duration of thermal exposure, consistent with the Arrhenius model. This 

emphasizes the need to control both temperature and exposure time for safe 

and effective treatments.
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ABSTRACT  

As a laser beam propagates into the skin, the effect 
of light scattering spreads the beam radially outward on 
each side, which decreases the beam’s effective fluence. 
For this reason, a generally accepted paradigm in laser 
hair removal is to use larger laser spots, for which the 
effect of light scattering is expected to be smaller. In 
this paper, we report on a thermal imaging study on the 
influence of beam scattering when determining the 
appropriate Nd:YAG (1064 nm) and Alexandrite (755 
nm) laser treatment fluences for different laser beam 
spot sizes and Fitzpatrick skin types.  

Skin surface temperatures following pulsed laser 
irradiation were measured for different laser spot sizes 
and skin types. For the same incoming laser beam 
fluence, the skin surface temperature was observed to 
increase with the laser spot size. This dependence was 
found to be in good agreement with a model that 
assumes a spreading of the laser beam due to 
scattering by the same absolute amount of about 1.8 
mm in diameter, independently of the size of the 
incoming beam diameter. 

Key words: laser hair removal; Alexandrite laser, 
beam scattering, Nd:YAG laser, thermal imaging, 
Fitzpatrick skin types. 
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I. INTRODUCTION 

Laser hair removal has in recent years received 
wide clinical acceptance in both medical and aesthetics 
settings, because of its long-term results, non-invasive 
nature, minimal treatment discomfort, and the speed 
and ease with which procedures can be performed [1-
4]. Commercial laser and flashlamp light (IPL) systems 

differ by wavelength, pulse duration, fluence, laser 
beam delivery system and skin cooling method; all of 
which have an effect on the outcome of the treatment 
[5-16]. When deciding on the most appropriate light 
source for laser hair-removal treatments, their tissue 
interactions should be thoroughly analyzed and taken 
into consideration. Long-pulsed Alexandrite (755 nm) 
and Nd:YAG (1064 nm) solid crystal lasers have 
become preferred wavelengths for hair removal due to 
their effective absorption in the hair, and at the same 
time sufficient penetration to the deeply located hair 
roots within the skin [6]. In addition, as compared to 
other devices, it is only these two types of light sources 
that can deliver sufficiently high pulse powers at 
sufficiently short pulse durations (in a range of 
milliseconds) required for effective selective thermolysis 
of the hair within the surrounding skin matrix.  

The absorption of the Alexandrite laser’s wavelength 
in melanin is higher than that of Nd:YAG. This makes 
it more suitable for thermally damaging the melanin-
rich hair. However, Nd:YAG with its weaker 
absorption in epidermal melanin, is safer for the 
treatment of darker skin types as it minimizes the risk of 
epidermal injury and pigmentary alteration. Therefore, a 
device containing both laser sources represents an 
optimal hair removal combination allowing safe and 
effective hair removal for all skin types.  

Achieving satisfactory results when using a laser to 
treat unwanted hair depends on many factors. It has 
been demonstrated that successful permanent hair 
removal can only be achieved by injuring the bulb, the 
bulge and the outer root sheath of the hair follicle [1]. 
Therefore, the region in which these structures lie is the 
target for any method used to create the required injury 
to permanently remove the hair. During the process of 
laser hair removal, light is absorbed by chromophores 
(usually melanin in the hair shaft and follicle) and 
transformed into heat energy, resulting in a rise of the 
hair temperature. When the temperature is high enough, 
irreversible damage may occur to the hair structures, 
thus preventing or altering the growth of the hair. 
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Heating coefficients η
0
 (d = 30 mm) for Nd:YAG and 

Alexandrite laser wavelengths for pulse durations t
laser

 = 3 ms.

Dependence of the heating coefficient η on the “slow” (PIANO 

mode) pulse duration for Nd:YAG and Alexandrite laser 

wavelength, and for different laser spot sizes.

Comparison of the measured skin temperature evolutions 

following irradiation with the Nd:YAG or Alexandrite laser 

PIANO (t
laser

 = 30 s) pulse mode, with the same fluence of F = 

24 J/cm2. Both irradiations result in the same ∆ T
max

 = 4.45 0C, 

and essentially the same temperature decay behavior.
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Figure 15 shows the measured temperature 
evolution on the hand skin following Nd:YAG laser 
radiation with a “slow” 1.5 s long PIANO pulse, and a 
“fast” 20 ms long VERSA pulse, for the same pulse 
fluence [39].  

 
Fig. 15: Measured temperature evolution of dorsal hand skin 
following irradiation with the Nd:YAG laser PIANO (1.5 s) 
pulse mode, and VERSA (20 ms) pulse mode. The laser 
pulse fluence was the same for both pulse duration modes. 
The figure is reprinted with permission from [37].   

As expected from Fig. 14, the measured peak 
epidermal temperature is higher with the fast 20 ms 
long Nd:YAG laser pulse. After approximately 0.5 s 
when the epidermal temperature gets equalized with 
the temperature of the lower lying dermis, the surface 
skin temperature has approximately the same 
temperature decay dependence, regardless of the 
Nd:YAG pulse duration. This demonstrates that with 
the PIANO mode, the same temperatures of the bulk 
dermis are achieved as with shorter pulse durations. 
However, with the PIANO mode, high initial 
temperature peaks in the epidermis are completely 
avoided.  

It is also important to note that with the long 
duration (SLOW) modalities, the heating coefficients 
and the cooling times are the same for both the 
Nd:YAG and Alexandrite laser wavelengths. They are 
also predominantly independent of the Fitzpatrick skin 
type. This is because during the SLOW irradiations, 
the heated epidermis has sufficient time to 
continuously equalize its temperature with the 
underlaying dermis, which essentially removes the 
influence of the differences in laser absorption in the 
epidermis. As an example, Fig. 16 shows the measured 
skin surface temperature evolution following 
irradiations by Nd:YAG or Alexandrite PIANO pulses 
of the same duration and fluence, with tlaser = 30 s and 
F = 24 J/cm2.  

 
Fig. 16: Comparison of the measured skin temperature 
evolutions following irradiation with the Nd:YAG or 
Alexandrite laser PIANO (tlaser = 30 s) pulse mode, with the 
same fluence of F = 24 J/cm2. Both irradiations result in the 
same ∆Tmax = 4.45 0C, and essentially the same temperature 
decay behavior.     

Additionally, the influence of the laser spot size on 
the heating coefficient (η) is different for the “slow” 
pulse modality in comparison to that of the “fast” 
modality, as presented in Fig. 9 and Table 3. This is 
because during slow (long duration) modalities, the 
heat diffusion in the radial direction becomes 
appreciable as well, in addition to the beam scattering 
in the radial direction. For this reason, the increase in 
the heating coefficient does not saturate at d ≈ 30 mm 
(see Fig. 9) but was measured to continue increasing 
for spot sizes up to d ≈ 90 mm, and is projected to 
continue higher (see Fig. 17).   

 
Fig. 17: Measured dependence of the heating coefficient on 
the laser spot size for the “slow” (PIANO) Nd:YAG 
modality. The data for d = 90 mm is obtained from 
measurements using a Fotona L-Runner scanner irradiating 
a skin area of 8 x 8 cm2 [38].  

f) Heating coefficient for SLOW modalities 
The measured heating coefficients η for Nd:YAG 

and Alexandrite laser wavelengths, and for different 
laser spot sizes, as a function of the PIANO pulse 
duration, are presented in Fig. 18.   
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Fig. 18: Dependence of the heating coefficient η on the “slow” 
(PIANO mode) pulse duration for Nd:YAG and Alexandrite 
laser wavelength, and for different laser spot sizes. 

IV. DISCUSSION 

The thermal imaging test results demonstrate that 
the range of laser output modalities available in the 
Fotona devices incorporating Nd:YAG and 
Alexandrite laser technology (Fig. 2 and Table 1) 
provides practitioners with the capability to adjust the 
treated tissue’s temperature and thermal exposure time 
depending on the treated indication.  

It is important to note that it is not only the 
amplitude of the tissue’s temperature elevation which 
determines the extent of any thermal damage, but also 
(and of equal importance) the duration of the elevated 
temperature. The importance of the difference in the 
cooling times for the three laser wavelengths and their 
pulse modalities can be best appreciated by 
considering that the thermal damage kinetics during 
laser procedures is commonly described by the 
Arrhenius damage integral [29], and that according to 
the Arrhenius’ model the critical temperature (Tcrit) for 
irreversible tissue damage is higher for short thermal 
exposures (texp) and increases significantly for 
extremely short duration exposures [29].  

A commonly used metric for tissue damage (Ω) is 
the ratio of the concentration of (undamaged) tissue 
before thermal exposure (C0) to the concentration of 
native tissue at the end of the exposure time (Cf). The 
tissue damage is then calculated using the Arrhenius 
damage integral calculated over the time of the 
thermal exposure [29]:  

Ω = ln (C0/Cf) = A ∫exp(-E/RT(t)) dt  .              (1) 
 
Here, A is the frequency factor, i.e. the damage rate 

(in s-1), E is the activation energy [in J/kmol], and R is 
the gas constant (R= 8.31 103 J/kmol K).  

The tissue damage kinetics is then commonly 
characterized by a critical (i.e., damage threshold) 

temperature (Tcrit) which is, assuming a square-shaped 
temperature pulse with a constant temperature during 
the thermal exposure time (texp), defined by [31]:  

Tcrit = E/(R ln(Atexp)              (2) 

 
and represents the temperature at which the 

concentration of the undamaged tissue is reduced by a 
factor of e (i.e., when Ω = 1).  

Studies of tissue damage dynamics demonstrate 
that when considering extremely short and long 
exposure times, cell viability cannot be described by a 
single biochemical process [30]. For example, 
measurements of damage threshold temperatures at 
extremely short exposure times (commonly present 
during Er:YAG laser treatments) exhibit a shift to 
temperatures which are much higher than what would 
be expected from a single biochemical process 
characterizing the damage dynamics at long exposure 
times [24-28].  

Figure 19 shows the published measured critical 
temperatures in soft human tissue for different exposure 
times [24-29], together with the VHS (Variable Heat 
Shock) model [30], which describes the dependence of 
Tcrit on texp by assuming that the cell viability can be 
described as a combined effect of two biochemical 
processes that dominate cell survival characteristics at 
very short and very long exposure times.  

 
Fig. 19: Dependence of the published measured critical 
(damage threshold) temperatures Tcrit on the duration of 
thermal exposure texp [29, 24, 25, 26, 27, 28], together with 
the critical temperature curve according to the VHS model 
[27, 30], representing the combined effect of two limiting 
biochemical processes that define cell viability at extremely 
long and extremely short exposure times.  

Therefore, when evaluating an acceptable maximal 
tissue temperature during a specific laser procedure, it 
is important to take into account the thermal exposure 
time, texp (see Table 5).  
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Dry molecular cooling (DMC™) in laser 
aesthetics and dermatology

DRY MOLECULAR COOLING (DMC™): A NOVEL NON-CONTACT SKIN 

COOLING TECHNOLOGY

This study introduces dry molecular cooling (DMC™) as a new non-contact skin 

cooling method designed to improve safety and comfort during laser treatments 

in dermatology and aesthetics. Conventional cooling methods such as cryogen 

spray cooling (CSC) and cold air cooling (CAC) have limitations, including risk 

of overcooling, insufficient cooling efficiency, or lack of continuity. DMC™ uses a 

digitally controlled, micro-pulsed fine water mist that rapidly evaporates on the 

skin surface, enabling efficient heat removal without forming a liquid barrier. 

This approach allows effective cooling while maintaining optimal treatment 

conditions. 

FASTER AND SELF-REGULATING COOLING COMPARED TO CONVENTIONAL 

METHODS

The study demonstrates that DMC™ provides a significantly faster cooling 

rate than cold air cooling, with approximately three times higher initial cooling 

efficiency. A key advantage is its self-regulating mechanism, where evaporation 

of micro-droplets limits the minimum skin temperature to around 16°C, preventing 

excessive cooling. In contrast, CAC and CSC rely on very low temperatures and 

may lead to discomfort or cryo-injury. This controlled cooling behavior allows 

DMC™ to achieve effective epidermal protection while maintaining patient safety. 

PROLONGED POST-COOLING IMPROVES THERMAL STABILITY AND CLINICAL 

OUTCOMES

Unlike CSC, which provides only brief pre-cooling, DMC™ enables continuous 

and prolonged post-cooling due to the persistence of fine water droplets on 

the skin. This results in sustained reduction of skin temperature over the entire 

treated area, preventing the formation of post-treatment hot spots caused by 

heat diffusion from deeper layers. The prolonged cooling effect contributes 

to reduced edema and erythema, improving overall treatment outcomes and 

patient comfort compared to conventional cooling methods. 

VERSATILE AND SAFE COOLING FOR MULTIPLE LASER APPLICATIONS

DMC™ is shown to be a versatile and clinically effective cooling method for 

various laser procedures, including hair removal, vascular treatments, and skin 

rejuvenation. It combines the advantages of rapid cooling and sustained thermal 

control without the risks associated with extreme temperatures. Additionally, 

DMC™ can be used alone or in combination with cold air cooling to further 

enhance performance. The technology enables efficient, homogeneous cooling 

of large treatment areas, supporting improved safety, consistency, and clinical 

results across different applications. 

Authors: Kosir, J., Kukovic, J., 

Gerdovic, N., Kanduc, U., 

Lukac, M.

-

Published in: Journal of the 
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ABSTRACT 

Skin cooling is often used during laser treatments in 
aesthetics and dermatology to avoid or minimize patient 
discomfort and skin damage. All currently used cooling 
methods have certain disadvantages, such as having to 
be in contact with the skin, not being fast or continuous 
enough, or posing a risk of cryo-injury. The commonly 
used non-contact methods include cryogen spray 
cooling (CSC) and forced cold air cooling (CAC).  

In this paper, a novel non-contact skin cooling 
method is presented that is based on dry molecular 
cooling (DMC™). DMCT™ improves upon the currently 
used methods, with some of the following advantages:  

- The maximal cooling rate of DMC is significantly 
faster in comparison with CAC.  
- DMC is characterized by a self-regulating feature 
of the evaporating water molecules, which limits the 
lowest skin temperature to about 16°C. The DMC 
cooling, therefore, avoids the risks of over-cooling 
posed by the CAC and especially by the CSC method. 
- As opposed to CSC spray droplets, the DMC’s 
water droplets deposited over the skin persist on the 
skin for longer time periods. The prolonged passive 
post-cooling by DMC acts in a similar manner as other 
cryo-protective measures in medicine, including 
therapeutic hypothermia in cardiac arrest or cerebral 
ischemia. For example, the sooner and longer a burn is 
cooled with cold running water, the smaller the impact 
of the injury will be. Clinically, this soothing effect has 
been observed to result in milder or no edema within 
first 10-20 minutes following the treatment, and in 
milder or no erythema within several hours following 
the treatment.  

 
Key words: dry molecular cooling, DMC™, cryogen 
spray cooling, cold air cooling, alexandrite laser, 
Nd:YAG laser, thermal imaging.  
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I. INTRODUCTION 
General 

With laser treatments in dermatology and 
aesthetics, a non-specific heating of the surface tissue 
(such as the epidermis) is a common side effect [1]. 
Often, the threshold fluence which is needed for 
destroying the target chromophore or structure is very 
close to the threshold fluence for epidermal injury. For 
example, in hair removal the optimal laser wavelengths 
are the ones which get absorbed in the hair’s melanin. 
Since melanin is abundantly present in the epidermis, 
heating of the epidermis is an inevitable consequence 
of the laser light’s penetration to the hair bulb to 
achieve its destruction [2]. Consequently, if the 
temperature of the epidermis is not controlled this can 
in addition to pain induce acute epidermal damage or 
blistering and can also lead to scarring and 
hyperpigmentation [3].  

To avoid or minimize the above complications, the 
epidermal surface layer needs to be cooled. Examples 
of applications where high-fluence laser pulses are 
used and cooling is necessary for avoiding epidermal 
damage include laser hair removal and coagulation of 
veins and vascular lesions [4,5]. In other applications, 
such as transdermal lipolysis, relatively low single-
pulse fluences are delivered during a prolonged 
exposure to repetitively delivered laser pulses. In these 
applications, epidermal cooling is applied to prevent a 
temperature rise of the epidermis while the deeper 
lying subdermal fat is heated to temperatures above 
42°C, which causes apoptosis of adipose cells and 
subsequent reduction of the fat layer [6].  

There are various methods of skin cooling that are 
being used during laser treatments, ranging from ice 
packs to sophisticated equipment. The most frequently 
used advanced methods include contact cooling with a 
chilled solid surface [7], cryogen spray cooling (CSC) 
[8, 9], and forced cold air cooling (CAC) [2, 6]. 

Contact cooling with chilled glass achieves 
localized and rapid cooling but has several 
disadvantages, including absorption and reflection of 



25

S
c
ie

n
ti

fi
c
 b

a
c
k
g

ro
u

n
d

Thermal image of the DMC-cooled skin area of the LX/Nx-

Runner scanning handpiece.

Temporal evolution of the maximal temperature over the 

treated area during the time following a hair removal treatment 

using either the DMC or CSC skin cooling method.

Skin reactions following a treatment, at 5 hours post treatment. 

A strong erythema can be observed on the CSC-cooled leg.

Comparison of the development of the average skin 

temperature decrease ∆ T
s
 during skin cooling either under

DMC W9/A5 alone, or under the combination of DMC

W9/A5 and CAC FC9 cooling. The dashed lines represent

temperatures obtained with the LX/Nx-Runner scanning

handpiece, and full lines represent temperatures obtained

with the R35 manual handpiece.
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The homogeneity of the reduced temperature over 
the scanned area as achieved with DMC can be seen in 
the thermal image shown in Fig. 14 below. 

 
Fig. 14: Thermal image of the DMC-cooled skin area of the 
LX/Nx-Runner scanning handpiece.  

iv) Combined DMC and CAC cooling  
The design of the DMC’s manual and scanning 

handpieces offers an interesting possibility where both 
methods of skin cooling, DMC and CAC are applied 
simultaneously. As can be seen in Fig. 15, a combined use 
of both methods results in extremely fast cooling rates.  

 
Fig. 15: Comparison of the development of the average skin 
temperature decrease ∆Ts during skin cooling either under 
DMC W9/A5 alone, or under the combination of DMC 
W9/A5 and CAC FC9 cooling. The dashed lines represent 
temperatures obtained with the LX/Nx-Runner scanning 
handpiece, and full lines represent temperatures obtained 
with the R35 manual handpiece.  

Further research is needed to evaluate where and 
how this unique capability can be utilized clinically. 

b) Measurements of skin temperature during 
laser hair removal procedure 
Thermal images of the patient’s legs during the hair 

removal treatment are shown in Fig. 16. The image of 
the calf being pre-and post-cooled by DMC is shown 
in Fig. 16a, and the image of the calf being pre-cooled 
by CSC is shown in Fig. 16b.  

 
Fig. 16: Thermal images during a hair removal treatment on 
the patient’s calves. One calf was pre-and post-cooled by 
DMC during the stamping treatment (Fig. 16a), and the 
other calf was being pre-cooled by CSC.  

As can be seen from Fig. 16, the cooling with CSC 
remains predominantly limited to a currently treated 
laser spot, while with DMC the skin cooling persists 
over the whole treated area of the calf. This 
observation is attributed to the thin water film that 
remains on the skin for longer times following the 
laser pulse delivery. 

The above effect can be observed also in Fig. 17, 
which shows the temperature dynamics of a single 
spot before, during and following a laser pulse. While 
the temperature of the CSC-cooled laser spot returns 
to the initial temperature within less than a second, the 
reduced temperature of the DMC-cooled spot persists 
for several minutes.  
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Fig. 20: Thermal images taken at 10 minutes following the 
hair removal treatment on the patient’s calves. The upper 
image shows the calf that was pre-and post-cooled by DMC 
during the stamping treatment, and the lower image shows 
the calf that was pre-cooled by CSC during the treatment.  

Figures 19 and 20 demonstrate that in the absence 
of post-cooling by DMC, the heat diffusion from the 
heated deeper skin layers to the un-cooled skin surface 
results in thermal hot spots. This effect can be even 
more clearly seen in Fig. 21, which shows the temporal 
evolution of the maximal temperature (TS-max) within 
the whole treated area, for both treatment methods.  

 
Fig. 21: Temporal evolution of the maximal temperature 
over the treated area during the time following a hair 
removal treatment using either the DMC or CSC skin 
cooling method. 

IV. DISCUSSION 

All three tested methods of skin cooling, CSC, 
CAC or DMC, perform in a similar manner, by 
removing heat from the skin to a cooling agent (either 
gas or liquid) in “contact” with the skin. However, the 
heat transfer dynamics of the three methods are 

significantly different, which can have a significant 
influence on the clinical outcome of a laser procedure.  

The cryogen and cold air cooling are both 
characterized by below-freezing temperatures of the 
cooling agent. This can be uncomfortable to the 
patient and can result in cryo-injury [3,8].  

For cryogen spray cooling (CSC), the cooling agent 
is a pressurized cryogen liquid at room temperature 
whose boiling temperature is significantly lower than 
the skin surface temperature (-26.1°C for commonly 
used tetrafluoroethane) [8]. Heat is removed by 
conduction from the skin into the cryogen liquid 
sprayed over the skin, and the cryogen is cooled down 
by rapid evaporation.  

On the other hand, there is no evaporation process 
during cold air cooling. Additionally, air is a bad 
conductor of heat. For this reason, the air that is 
blown over the skin surface needs to be cooled to very 
low temperatures (down to ~ -30°C) by an external 
chiller prior to being blown over the skin area.  

The most effective form of cooling is where the 
skin undergoes post-cooling in addition to the cooling 
prior and during an irradiation by the laser pulse. This 
is because, apart from protecting the epidermis by 
reducing the skin temperature before and during a 
laser pulse, a post-cooling of the laser-induced “burn” 
reduces pain, swelling and the risk of scarring. In this 
regard, CSC is at a disadvantage since the cooling rate 
by the evaporating cryogen is extremely fast, with the 
heat transfer coefficient hT of about 10,000 W/m2K [8, 
9]. For this reason, to reduce the risk of cryo-injury the 
duration of the cryogen spurt is limited to below 100 
milliseconds. The cryogen cooling is therefore not 
very suitable for prolonged post-cooling.  

On the other hand, the cold air cooling (CAC) can 
be used for post-cooling since the skin-to-air heat 
conduction is slow, with hT in the range of 50-100 
W/m2K [6]. However, the small heat transfer 
coefficient of CAC also means that the pre-cooling 
phase needs to be long in order for the skin to get 
sufficiently cooled down prior to the delivery of a laser 
pulse. Additionally, due to the low temperature of the 
delivered cold air, the skin can get over-cooled during 
prolonged post-cooling.  

Based on the above, the newly developed dry 
molecular cooling (DMC) represents “the best of both 
worlds” solution. On one hand, the DMC is faster than 
CAC, enabling appropriately short pre-cooling times. 
And on the other hand, the DMC is not as intense as 
CSC, thus allowing longer duration post-cooling periods.  

Dry Molecular Cooling (DMC™) in Laser Aesthetics and Dermatology 
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Additionally, since with DMC the post cooling is 
accomplished in a passive manner, i.e., by the 
molecular water droplets remaining on the skin 
following a laser pulse, there is no need for continued 
active cooling as is the case with CAC. Further, as 
opposed to CSC and CAC, the DMC method is self-
regulating. Namely, since the evaporation of water 
droplets takes place at temperatures significantly below 
the water’s boiling temperature of 100°C, the 
evaporation process is (for standard relative humidity 
levels within medical facilities) effective only at skin 
temperatures above about 16°C. Therefore, the skin 
temperature cannot be reduced to significantly below 
this temperature. With DMC, the risk of over-cooling 
or cryo-injury has been eliminated.  

The clinical advantage of post-cooling with DMC 
as opposed to no post-cooling with CSC can be 
observed in Figs. 22 and 23, which show the skin 
reaction post hair removal treatment according to the 
protocols presented in section III b.   

 
Fig. 22: Skin reactions following a stamping alexandrite laser 
hair removal treatment on a patient’s right and left calf. The 
right calf was pre-cooled by the cryogen spray cooling 
(CSC) (Figs a and b); and the left calf was pre-and post-
cooled by DMC (Fig. c). An edema can be observed at 5- 
and 10-minutes post treatment (PT) on the CSC’s cooled 
leg while no edema was observed during the same time on 
the DMC-cooled leg. For the DMC-cooled leg, the edema 
started to develop only after the water droplets had been 
wiped away at 13 minutes post-treatment (Fig. c).  

The earlier development of edema on the CSC-
cooled leg is attributed to the difference of the skin 
temperature dynamics of the CSC and DMC cooling 
(see Figs. 16 and 17). The prolonged passive post-
cooling by DMC acts in a similar manner as other 
cryo-protective measures in medicine, including 
therapeutic hypothermia in cardiac arrest or cerebral 
ischemia [16]. For example, the sooner and longer a 
burn is cooled with cold running water, the smaller the 
impact of the injury will be.  

Similarly, the observed erythema on the CSC-
cooled leg at 5 hours following the treatment (see Fig. 
23) is attributed to the observed development of hot 
spots immediately following the CSC-assisted 
treatment (see Figs. 19 and 20), whose increased 
temperature continues to grow and persist for 
significantly longer than ten minutes (see Fig. 21).  

 
Fig. 23: Skin reactions following a treatment as in Fig. 16, at 
5 hours post treatment. A strong erythema can be observed 
on the CSC-cooled leg.  

V. CONCLUSIONS 

In conclusion, a novel non-contact skin cooling 
method (DMC™) has been studied and compared with 
two standard non-contact cooling methods, cryogen 
spray cooling (CSC) and cold air cooling (CAC). A 
comparison of thermal camera measurements and 
clinical outcomes has shown the following:  

a) The maximal cooling rate of DMC is 
significantly faster in comparison with CAC, especially 
for the manual handpiece. This is important since it is 
typically with the manual handpiece that the operator 
moves the position of the handpiece relatively quickly 
from spot to spot, not allowing much time for the 
cooling to take effect.  
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Numerical Study of Hyper-Thermic Laser 
Lipolysis With 1,064 nm Nd:YAG Laser in 
Human Subjects

NUMERICAL MODELING OF HYPERTHERMIC LASER LIPOLYSIS (HTLL)

This study develops a numerical model of hyperthermic laser lipolysis (HTLL) 

using a 1,064 nm Nd:YAG laser to improve understanding and optimization 

of non-invasive fat reduction. The model combines light transport, heat 

diffusion, and blood perfusion in a three-layer skin structure (epidermis, dermis, 

subcutaneous fat). It was validated with experimental data from human subjects, 

showing strong agreement between simulated and measured skin temperatures. 

The primary goal of HTLL is to heat adipose tissue to 43–47°C, which induces 

programmed fat cell death (apoptosis) while preserving surrounding skin tissue. 

TEMPERATURE DISTRIBUTION AND THE ROLE OF COOLING

The study demonstrates that cooling plays a critical role in controlling heat 

distribution within tissue. Without cooling, surface and deep temperatures 

remain similar, limiting treatment selectivity. With forced-air cooling, a larger 

temperature gradient is created, allowing higher temperatures in subcutaneous 

fat while maintaining lower skin surface temperatures. This enables safer 

delivery of energy to deeper tissues. Additionally, after irradiation stops, a 

delayed temperature increase at the surface occurs due to heat diffusion from 

deeper layers. 

IMPORTANCE OF TIME–TEMPERATURE RELATIONSHIP FOR FAT CELL DAMAGE

Thermal damage to adipocytes depends on both temperature and exposure 

duration, described by the Arrhenius damage model. Sustained exposure 

to moderate temperatures is more effective than short exposure to high 

temperatures. Even small increases in temperature significantly increase tissue 

damage, but also raise the risk of unwanted effects. Therefore, controlled and 

prolonged heating within the optimal range is essential to achieve apoptosis 

without causing necrosis or damage to surrounding tissues. 

CYCLED TREATMENT PROTOCOLS FOR SAFE AND EFFECTIVE RESULTS

The study identifies cycled irradiation protocols as an effective strategy for 

treating larger areas. In this approach, multiple adjacent skin regions are 

heated sequentially, allowing heat to accumulate in deeper tissues while the 

surface cools between cycles. This results in progressive temperature increase 

in subcutaneous fat without exceeding safe skin temperature limits. Optimal 

protocols include multiple cycles, controlled energy delivery, and active cooling, 

achieving effective fat reduction at depths of approximately 0.3–2.5 cm while 

maintaining safety. 
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Lukac, N., Lukac, M. 
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Numerical Study of Hyper‐Thermic Laser Lipolysis With
1,064 nm Nd:YAG Laser in Human Subjects
Matija Milanic, PhD, 1,2* Blaz Tasic Muc, MSc,3,4 Nejc Lukac, PhD,3,4 and Matjaz Lukac, PhD

2,3

1Faculty of Mathematics and Physics, University of Ljubljana, Jadranska 19, SI‐1000, Ljubljana, Slovenia
2Department of Complex Matter, Jožef Stefan Institute, Jamova 39, Ljubljana, SI‐1000, Slovenia
3Fotona,d.o.o, Stegne 7, SI‐1000, Ljubljana, Slovenia
4Faculty of Mechanical Engineering, University of Ljubljana, Askerceva 6, SI‐1000, Ljubljana, Slovenia

Background and Objectives: The aim of this study was
to develop a numerical model for hyperthermic laser
lipolysis in human subjects to improve understanding of
the procedure and find optimal therapeutic parameters.
Study Design/Materials and Methods: A numerical
model of hyperthermic laser lipolysis (HTLL) on human
subjects was developed that is based on light and heat
transport, including the effects of blood perfusion and
forced air cooling. Tissue damage was evaluated using the
Arrhenius model. Three irradiation scenarios were con-
sidered: single skin area irradiation without and with
forced air cooling, and sequential heating of four adjacent
skin areas in a cyclical manner. An evaluation of the
numerical model was made by comparing the recorded
skin surface temperature evolution during an experi-
mental HTLL procedure performed on the abdomen of ten
human volunteers using a 1,064 nm Nd:YAG laser
irradiation.
Results: A good agreement was obtained between the
simulated skin surface temperatures and that as measured
during the HTLL procedure. The temperature difference
between the simulations and experiments was in the range of
0.2–0.4°C. The model parameters, which were fitted to the
experiment were the perfusion parameter (0.36–0.79 and
0.18–0.49kg/m3·s for dermis and subcutis) and the subcuta-
neous tissue absorption coefficient (0.17–0.21 cm−1). By using
the developed HTLL model and the determined parameters,
temperature depth distributions and the resulting thermal
injury to adipocytes were simulated under different treat-
ment conditions. Optimal ranges of the HTTL treatment
parameters were determined for different skin types, dama-
ging adipocytes while preserving skin cells. The target
subcutaneous temperatures were in the range of 43–47°C,
which has been found to lead to programmed adipocyte
death. The optimal treatment parameters were further used
to define a range of recommended protocols for safe and
effective multiarea cycled HTLL treatment of large body
surfaces. Specifically, for the set of chosen optimal treatment
parameters (4–5 treatment cycles, 1.2W/cm2 radiant expo-
sure, and 60–130W/cm2 forced air heat‐transfer coefficient)
the threshold surface temperature during irradiation was
found to be in the range of 31–38°C, depending on the skin
type and heat‐transfer coefficient.

Conclusions: The developed numerical model allows for
the calculation of the temperature distribution and the
resulting injury to adipocyte cells within deeper lying
fatty tissues under different clinical treatment conditions.
It is demonstrated that by measuring the temporal
evolution of the skin surface temperature and by stopping
the laser irradiation at predefined skin surface threshold
temperatures, it may be possible to monitor and control
the effects of the HTLL procedure deeper within the
tissue. As such, the model provides a better insight into
the HTLL, and may become a tool for defining the range of
safe and effective HTLL treatment protocols for patients
with different skin types.

Key words: laser fat reduction; non‐invasive fat
reduction; numerical modeling

INTRODUCTION

Traditional liposuction is a very effective and commonly
performed cosmetic surgical procedure for fat reduction. It
is, however, associated with a number of drawbacks,
including blood loss, ecchymosis and skin laxity [1]. In
order to address some of the drawbacks of traditional
liposuction, a less invasive method of laser‐assisted
lipolysis was introduced [2], which consists of inserting
an optical fiber through an incision and delivering laser
energy directly into the subcutaneous adipose tissue.
The absorbed laser energy within the tissue induces
lipolysis, coagulates small blood vessels and contributes to
new collagen formation. However, laser‐assisted lipolysis
is still a surgery which most patients would prefer to
avoid.

Recently, transcutaneous delivery of laser energy to
the adipose tissue has attracted significant attention
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Beyond Surface Improvement: 
Histological and Clinical Benefits of 
Combined 2940 nm and 1064 nm Laser 
Therapy

FOTONA4D®

EVALUATING HISTOLOGICAL EFFECTS OF COMBINED LASER 

REJUVENATION

This study aimed to evaluate the macroscopic, histological, and 

immunohistochemical changes in facial skin following combined ablative and 

non-ablative laser therapy. The objective was to determine whether dual-

wavelength treatment can induce structural skin remodelling at both clinical and 

microscopic levels.

CLINICAL AND HISTOLOGICAL STUDY USING DUAL-WAVELENGTH 

PROTOCOL

A clinical study included 14 patients with moderate to severe signs of facial aging. 

Treatments were performed using the SP Dynamis® system (Fotona, Slovenia) 

following a four-step protocol (Fotona4D®) combining 2940 nm Er:YAG and 

1064 nm Nd:YAG lasers. Patients underwent two treatment sessions at 1-month 

intervals. Outcomes included clinical evaluation using an age-related skin index 

(IOVIKL), as well as histological and immunohistochemical analysis of skin 

biopsies taken before and 2 months after treatment.

SIGNIFICANT CLINICAL AND MICROSCOPIC SKIN IMPROVEMENTS

All patients showed significant clinical improvement, with reductions in wrinkles, 

pigmented lesions, pore size, and overall skin aging scores. Histological 

analysis demonstrated increased epidermal thickness, higher fibroblast activity, 

increased collagen fiber density, and enhanced connective tissue structure. 

Immunohistochemical findings confirmed increased collagen production and 

significant angiogenesis, evidenced by increased microvessel density and CD34 

expression. These changes are illustrated in histology images showing denser 

collagen and vascular structures after treatment.

SYNERGISTIC MULTI-LAYER SKIN REGENERATION WITH HIGH SAFETY

The combination of ablative and non-ablative laser modalities produces 

synergistic effects by targeting multiple layers and mechanisms of skin aging, 

including collagen remodelling and vascular regeneration. The treatment was well 

tolerated, with no significant adverse effects and minimal downtime. This dual-

wavelength approach provides both visible clinical improvement and measurable 

histological regeneration, supporting its role as an effective and comprehensive 

facial rejuvenation strategy. 

Authors: Shanina N.A., 

Patrushev A.V., Zorman A.

-

Published in: Journal of 

Cosmetic Dermatology, 2021
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1  |  INTRODUC TION

The appearance of one's skin reflects a person's general health and 
is one of the main indicators of human age.1 As skin ages, it tends to 
become uneven in color, roughened, lax, and wrinkled due to intrin-
sic and extrinsic factors (eg, photodamage). A major feature of aged 
skin is fragmentation of the dermal collagen matrix. Fragmentation 
results from the actions of specific enzymes (matrix metalloprotein-
ases) and impairs the structural integrity of the dermis. Fibroblasts 
that produce and organize the collagen matrix cannot attach to 
fragmented collagen. Loss of attachment prevents fibroblasts from 
receiving mechanical information from their support, and they col-
lapse.2 Stretch is critical for normal balanced production of collagen 
and collagen- degrading enzymes. In aged skin, collapsed fibroblasts 
produce low levels of collagen and high levels of collagen- degrading 

enzymes. This imbalance advances the aging process in a self- 
perpetuating, never- ending deleterious cycle.2

Many different materials, energy- based devices, and tech-
niques have been shown to offer good results in facial rejuvena-
tion.3 Ablative techniques are still considered the most effective 
methods for improving photodamaged skin, but are associated with 
a prolonged recovery time and high risk of side effects.4 The CO2 
and Er:YAG (2940 nm) wavelengths are ablative wavelengths used 
for many different applications including facial skin resurfacing. 
Ablative lasers vaporize the epidermis and part of the dermis, leaving 
a zone of thermal injury responsible for collagen shrinkage and re-
modeling.5– 7 Post- procedure, the epidermis has to heal, requiring at 
least some recovery time. Non- invasive and minimally/non- ablative 
methods without downtime are therefore gaining popularity in mod-
ern dermatological laser therapy. Recently, a non- ablative mode of 
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Abstract
Background: Facial skin rejuvenation is a highly sought after procedure. Different ma-
terials, energy- based devices and techniques have been shown to offer good results 
in facial rejuvenation.
Aims: The aim of this study was to evaluate the macroscopic and histological and im-
munohistochemical changes in facial skin treated with a combined laser therapy.
Patients/Methods: Fourteen patients aged from 38 to 59 years were included in the 
study. Two different wavelengths (2940 and 1064 nm) were used in this four- step 
procedure.
Results: Significant improvement according to classification for age- related changes 
in all areas of the face was achieved. There were also significant structural changes in 
the epidermis and dermis, confirmed with histology and immunohistochemistry.
Conclusion: The dual- wavelength protocol has been found to provide excellent re-
sults for facial rejuvenation.
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4  |    SHANINA et Al.

The increase in the number of collagen fibers was also shown 
through immunohistochemical analysis using specific collagen IV an-
tigen antibodies (Figure 9).

The immunohistochemical analysis showed an increased ex-
pression of CD34 antigen (predominantly present in endothelial cell 
membranes), which is consistent with the formation of new blood 
vessels— angiogenesis (Figures 10 and 11). The same specimens were 
also processed with Morphology 5.2 (Table 2).

4  |  DISCUSSION

The dual- wavelength protocol that was used in this study con-
sists of four different steps; each of these steps has been used 
before either as a monotherapy or in combinations with others. 
Non- ablative rejuvenation with intraoral SMOOTH mode (Fotona, 
Slovenia) has previously been shown to improve nasolabial 
folds,12,21 reduce wrinkles in the general periorbital area,16 and 

F I G U R E  2  Patient number 2— before 
the procedure (A), 1 month after second 
procedure (B)

F I G U R E  3  Female patient D. Light 
microscopy before (A) and after (B) laser 
treatment with more eosinophilic ground 
substance with increased connective 
tissue density (hematoxylin/eosin, 100× 
magnification)

(A) (B)

F I G U R E  4  Female Patient L. Light 
microscopy before (A) and after (B) 
combined laser treatment with an increase 
in the number of fibroblasts and evidence 
of glomeruloid angiogenesis (hematoxylin/
eosin, 100× magnification)

(A) (B)

Female Patient. Light microscopy before 

(A) and after (B) combined laser treatment 

with an increase in the number of fibroblasts 

and evidence of glomeruloid angiogenesis 

(hematoxylin/eosin, 100x magnification).

Female Patient. Light microscopy before (A) and 

after (B) combined laser treatment

showing increased epithelial thickness

(hematoxylin/eosin, 100x magnification).

Male patient. Light microscopy before (A) and 

after (B) laser treatment with an increase in the 

number and intensity of collagen fibers (Van

Gieson's stain, 200x magnification).

Female Patient — before the procedure (A), 

1 month after second procedure (B).

Female patient. Light microscopy before (A) and 

after (B) laser treatment with more eosinophilic 

ground substance with increased connective 

tissue density (hematoxylin/eosin, 100x 

magnification).

    |  5SHANINA et Al.

cause a significant increase in dermal thickness13 and contraction 
of mucosa14 as a monotherapy.

Different authors have used sub- millisecond Nd:YAG in order to re-
juvenate the skin in the last two decades. Trelles et al.22 and Koh et al.23 
demonstrated enhanced skin rejuvenation, Schmults et al.24 reported 
on formation of new collagen after the treatment, and Groot and 
Smith25 showed improvement in pore size, texture, and color after sub- 
millisecond Nd:YAG treatment. The third step of our protocol utilizes 

super- long Nd:YAG pulses (PIANO, Fotona, Slovenia), which previously 
showed improvement in aging skin26 and skin tightening.17,27– 29

The last step in our protocol, ablative laser resurfacing, has been 
used since its introduction in the 1980s in order to rejuvenate the 
skin.30,31 All of the previously mentioned methods have been used 
as a monotherapy or in combination with other modalities and have 
shown even better results in skin rejuvenation17,20,28,29 in compari-
son with monotherapy. Patients treated with our four- step combined 

F I G U R E  5  Female Patient A. Light 
microscopy before (A) and after (B) 
combined laser treatment showing an 
increased cellularity of the epithelial layer 
(hematoxylin/eosin, 100× magnification)

(A) (B)

F I G U R E  6  Female Patient D. 
Light microscopy before (A) and 
after (B) combined laser treatment 
showing increased epithelial thickness 
(hematoxylin/eosin, 100× magnification)

(A) (B)

F I G U R E  7  Female patient D. Light 
microscopy before (A) and after (B) 
combined laser treatment showing 
application of the point grid method 
(hematoxylin/eosin, 200× magnification)

(A) (B)

F I G U R E  8  Male patient C. Light 
microscopy before (A) and after (B) laser 
treatment with an increase in the number 
and intensity of collagen fibers (Van 
Gieson's stain, 200× magnification)

(A) (B)
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F I G U R E  5  Female Patient A. Light 
microscopy before (A) and after (B) 
combined laser treatment showing an 
increased cellularity of the epithelial layer 
(hematoxylin/eosin, 100× magnification)

(A) (B)

F I G U R E  6  Female Patient D. 
Light microscopy before (A) and 
after (B) combined laser treatment 
showing increased epithelial thickness 
(hematoxylin/eosin, 100× magnification)

(A) (B)

F I G U R E  7  Female patient D. Light 
microscopy before (A) and after (B) 
combined laser treatment showing 
application of the point grid method 
(hematoxylin/eosin, 200× magnification)

(A) (B)

F I G U R E  8  Male patient C. Light 
microscopy before (A) and after (B) laser 
treatment with an increase in the number 
and intensity of collagen fibers (Van 
Gieson's stain, 200× magnification)

(A) (B)
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2.4  |  Statistics

We used the following software packages: Statistica for Windows 
6.0— for statistical analysis, the specialized program SkinXPPro 
(South Korea)— for the formation, grouping, and analysis of sam-
ple sets of objects according to specific physiological parameters 
of the skin; the VideoTest- Morphology 5.2 program for digital 
processing of immunohistochemical images and calculation of de-
scriptive statistics of the sample. The following procedures and 
methods of statistical analysis were used: check for normality of 
distribution using the Kolmogorov– Smirnov test, assessment of 
the significance of differences in quantitative variables in related 
samples according to the nonparametric Wilcoxon test, and cor-
relation analysis using Spearman's nonparametric correlation co-
efficient. The conclusion about the static significance was given 
at α = 0.05.

3  |  RESULTS

All 14 patients were assessed before the procedure and then 1 and 
2 months after the second procedure. The IOVIKL index was used 

to assess age- related changes to the skin. The results are shown in 
Table 1 and Figures 1 and 2. Results 1 and 2 months after are statisti-
cally significantly different from the baseline (p < 0.001).

Twenty- eight tissue samples (14 biopsied before and 14 biopsied 
2 months after second laser treatment) were examined with all five 
methods described in Section 2.

Histological appearance consistent with aging skin, such as thin-
ning of the basal membrane of the epidermis, cell atrophy, and lower 
cell count, was observed in samples taken before the laser therapy. 
Samples taken after laser therapy showed an increase in the num-
ber and activity of fibroblasts, an increase in the density of con-
nective tissue after laser treatment, and more eosinophilic ground 
substance of connective tissue as a manifestation of the fibro-
blasts' activity (Figure 3). The average epidermal thickness before 
was 38.03 µm ± 0.59 and 59.4 µm ± 0.53 after two laser treatment 
(Figure 4).

Light microscopy evaluation also revealed glomeruloid angio-
genesis, referring to the highly complex vascular aggregates that 
resemble glomeruli of the kidney, which was activated in response 
to tissue alteration by laser light (Figure 5). A secondary finding was 
an accompanying increase in the cellularity of the epithelial layer 
(Figure 6) 2 months after the second laser procedure.

The point grid method showed higher microvessel density 
(18.83 ± 1.50) in the tissue 2 months after the second combined 
laser treatment in comparison with before (12.33 ± 1.74). The in-
crease in microvessel density correlated with the activation of neo-
angiogenesis in the tissue after the procedure (Figure 7).

Light microscopy examination of specimens stained with van 
Gieson's stain confirmed the activation of neocollagenesis after sec-
ond combined laser treatment with a more intense eosinophilic color 
and an increase in the number of collagen fibers (Figure 8).

TA B L E  1  Median scores of age- related skin changes according 
to IOVIKL index measured before laser treatments and at 1-  and 
2- month follow- up sessions

Before
After 
1 month

After 
2 months

IOVIKL median 
score (range)

27.0 (23– 35) 20.5 (19– 22) 12.0 (11– 15)

F I G U R E  1  Patient number 2— before 
the procedure (A), 1 month after second 
procedure (B)
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Enhanced Facial Rejuvenation with 
Combined 1,064 nm and 2,940 nm 
Laser Treatment Compared with Single-
Modality Therapy: A Randomized Split-
Face Study

COMBINING ER:YAG AND ND:YAG LASERS FOR FACIAL REJUVENATION

This study aimed to evaluate the efficacy of combined 2940 nm Er:YAG and 

1064 nm Nd:YAG laser treatment for facial rejuvenation. The objective was to 

determine whether a multi-modality approach provides superior improvement in 

skin aging features compared to either laser used alone.

RANDOMIZED SPLIT-FACE CLINICAL TRIAL DESIGN

A randomized controlled split-face study included 20 patients with facial aging. 

Treatments were performed using the SP Dynamis® system (Fotona, Slovenia), 

where one side of the face received either Er:YAG or Nd:YAG monotherapy, and 

the contralateral side received combined treatment. Patients underwent three 

sessions at one-month intervals. Outcomes were assessed using high-resolution 

imaging (VISIA system) for wrinkles, texture, pores, and brown spots, as well 

as instrumental measurements of skin elasticity and melanin levels, alongside 

blinded clinical evaluation and patient satisfaction scoring.

SUPERIOR MULTI-PARAMETER IMPROVEMENT WITH COMBINATION 

THERAPY

Both monotherapies demonstrated significant improvements compared to 

baseline, but with modality-specific strengths. Er:YAG alone showed greater 

improvement in wrinkles and skin texture, while Nd:YAG alone was more effective 

in improving pigmentation, pores, elasticity, and melanin levels. However, the 

combined treatment produced significantly greater improvements across 

multiple parameters, including wrinkles, texture, pores, brown spots, elasticity, 

and melanin. Quantitative VISIA analysis confirmed superior overall skin 

rejuvenation with combination therapy.

SYNERGISTIC AND SAFE APPROACH FOR COMPREHENSIVE REJUVENATION

The combination of 2940 nm Er:YAG and 1064 nm Nd:YAG lasers provides a 

synergistic effect by targeting multiple aspects of skin aging simultaneously, 

resulting in enhanced overall clinical outcomes. Treatments were well tolerated, 

with only mild and transient side effects such as erythema, edema, and temporary 

pigmentation changes. This multi-modality approach represents an effective and 

safe strategy for comprehensive facial rejuvenation.
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Original Article

Efficacy of Erbium-Doped Yttrium Aluminium Garnet
2,940 and 1,064 nm Laser Treatment for Facial
Rejuvenation—A Randomized Controlled Split-Face
Clinical Trial
Wenting Song, MD,* Yangzi Tian, MD,* Wenbin Tan, PhD,† Gang Wang, MD,* and Lin Gao, MD*

BACKGROUND The 2,940 nm erbium-doped yttrium aluminium garnet and 1,064 nm neodymium-doped yttrium alu-
minium garnet lasers have beenwidely applied in facial rejuvenation, but no randomized trials exist to evaluate the efficacy
of the combination treatment.
OBJECTIVE The efficacy of the combined treatment for facial rejuvenation.
MATERIALS ANDMETHODS A total of 20 subjects with facial aging were enrolled and randomly assigned into 2 groups:
one side of the facewas treatedwith a 2,940 nmor 1,064 nm laser alone and the other sidewas treatedwith the combined
lasers. The patients were treated by 3 sessions with 1-month intervals. The efficacies were quantitatively accessed by
digitalized high-resolution photographs.
RESULTS The 1,064 nm laser alone showed significant improvements on indexes of skin texture, spore, brown spots,
elasticity, and melanin as compared with the baseline (p , .05). The 2,940 nm laser alone showed significant improve-
ments on indexes of wrinkle, texture, pore, and elasticity (p , .05). The combined treatments showed significant im-
provements on the abovementioned indexes as compared with either a 1,064 nm or 2,940 nm laser treatment (p, .05).
CONCLUSION A combination of 1,064 nm and 2,940 nm laser treatment renders significantly better efficacies for facial
rejuvenation as compared with a 2,940 nm or 1,064 nm laser alone.

Facial aging reflects naturally irreversible and pro-
gressive changes in skin structural components. Two
thousand nine hundred forty nanometers erbium-

doped yttrium aluminium garnet (Er:YAG) laser is one of
the popularmodalities for facial photoaging, throughwhich
collagen production and volume of the skin in lesionswill be
rescued or restored. The recent development of nanosecond
and picosecond 1,064 nm lasers has rendered several ad-
vantages in the treatment for pigmented skin lesions. In
addition, 1,064 nm laser with an extended pulse width can
stimulate collagen regeneration and lipolysis, thus improv-
ing skin texture without an obvious epidermal damage. The
efficiency of combined 2,940 nm Er:YAG and 1,064 nm
neodymium:YAG (Nd:YAG) lasers in treatment for body
contouring has already been reported.1–3 However, the ef-
ficacy of combination with both lasers for facial aging
treatment remains to be fully evaluated. In this study, the
authors sought to determine whether a combined therapy
for skin aging would lead to better clinical outcomes as

compared with a long pulsed 1,064 nm or 2,940 nm laser
alone.

Materials and Methods
Subjects
The study was approved by the Ethic Committee at Xijing
hospital of the Fourth Military Medical University. The
ethical and RCT registry code is KY20162045-2. A total of
20 patients with a diagnosis of facial aging who visited the
clinics of this study from January 2016 to January 2017
were enrolled in this study. The risk factors and potential
contraindications for using this treatment were fully
discussed with patients before informed consent was
sought. Written consent forms were obtained from all
patients before treatments. The inclusion criteria of this
study include (1) age from 45 to 60 years old, (2) Dover
scale between 2 and 4 and Fitzpatrick wrinkles scale
between 1 and 3, and (3) medium-to-very severe nasolabial
fold depression with morphological scores of 2 to 3 points.
The exclusion criteria include pregnancy; patients with skin
ulceration, skin cancer, and coagulation disorders; patients
on drugs of photosensitizing; and patients with systemic
diseases such as cardiovascular disease, epilepsy, immuno-
deficiency disease, etc.

Treatment
Subjects were randomly assigned into 2 groups (n5 10 per
group): one side of the face was treated with Er:YAG 2940
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Three-Dimensional Imaging of 
Dynamic Changes After Nd:YAG/
Er:YAG Laser Skin Tightening: A 
Prospective Study.  
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Non-Ablative Er:YAG SmoothEye® 
Treatment Produces Clinically Significant 
Improvements in Periorbital Wrinkles, 
Elastosis, and Skin Laxity

EVALUATING NON-ABLATIVE ER:YAG LASER FOR PERIOCULAR 

REJUVENATION

This study aimed to evaluate the safety and efficacy of non-ablative long-pulse 

2940 nm Er:YAG laser for the treatment of periorbital wrinkles and skin laxity. The 

objective was to provide a minimally invasive alternative to ablative resurfacing 

procedures by stimulating collagen remodeling while minimizing downtime and 

adverse effects.

PROSPECTIVE STUDY USING SMOOTH™ ER:YAG LASER TECHNOLOGY

A prospective clinical study included 30 patients with varying degrees of periorbital 

wrinkles treated with three laser sessions at 4-week intervals. Treatments were 

performed using the SP Dynamis® system (Fotona, Slovenia) with non-ablative 

Fotona SMOOTH® mode. Outcomes were assessed using validated wrinkle scales 

(Lemperle and Fitzpatrick), blinded photographic evaluation, patient satisfaction 

questionnaires, and safety monitoring, with follow-up extending to 12 months.

SIGNIFICANT AND SUSTAINED IMPROVEMENT IN WRINKLES

The study demonstrated statistically significant improvement in wrinkle severity 

and skin quality, with reductions in both Lemperle and Fitzpatrick scores after 

each treatment session. Improvements were maintained at 12 months, indicating 

long-term efficacy. Blinded evaluators correctly identified pre- and post-treatment 

images in all cases, confirming visible clinical improvement. Adverse effects 

were mild and transient, including short-lived erythema, edema, and superficial 

peeling, with no long-term complications reported. Patient satisfaction was high, 

with most patients reporting moderate to excellent improvement.

SAFE, MINIMALLY INVASIVE TREATMENT WITH LONG-TERM BENEFITS

Non-ablative Er:YAG SMOOTH™ laser treatment appears to be a safe and effective 

option for periocular rejuvenation, providing durable improvements with minimal 

downtime. This approach offers a valuable alternative to ablative procedures, 

particularly for patients seeking less invasive treatments with sustained results.
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Periocular rejuvenation using a unique non‑ablative long‑pulse 
2940 nm Er:YAG laser

Ashraf Badawi1,2,3 · Tarek Sobeih4 · Vesel Jasmina5
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Abstract
The periocular region is challenging for cosmetic laser surgeons. Surgery and laser resurfacing have traditionally been used 
to correct periorbital lines and wrinkles. Although effective, the associated downtime with these methods has made many 
people reluctant to decide for such treatments. More recently, the non-ablative long-pulse 2940 nm Er:YAG laser is being 
used to improve the structure and function and hence the appearance of skin in the periorbital region. The objective of this 
study is to evaluate the safety and efficacy of long-pulse 2940 nm Er:YAG laser for non-ablative treatment of periorbital static 
wrinkles and skin laxity. This is a prospective analysis of 30 patients treated for periorbital rejuvenation using three sessions 
of non-ablative long-pulse Er:YAG laser over a 3-month period. All patients were assessed according to Fitzpatrick’s clas-
sification of periorbital wrinkles to class I, II, or III and were treated with 2940 nm Er:YAG laser using a fluence of 3.75 J/
cm2, a repetition rate of 1.7–2 Hz, and with the SMOOTH™ pulse mode (250 ms). The treatment sessions were performed 
on each patient, 4 weeks apart. Patient improvement was assessed before each laser session as well as at 12 months after the 
final treatment. Blind photographic evaluations were performed by three independent physicians using unlabeled before and 
after photos arranged in non-chronological order. Reviewers were asked to determine the before and after photos. Patients 
were asked to answer a questionnaire measuring satisfaction 4 weeks after each session, and to report any adverse reactions. 
There was statistically and clinically significant improvement in the Fitzpatrick classification of the periorbital wrinkles. 
Blinded evaluators correctly identified the before and after photos in all cases. All patients reported mild edema and erythema, 
which persisted for 1 to 2 days, and superficial peeling of the skin for 4 to 6 days after each laser treatment. No long-term 
adverse effects were reported. The non-ablative long-pulse 2940 nm Er:YAG laser seems to be a safe and effective treatment 
for periocular rejuvenation with minimal and tolerable adverse reaction. The improvement attained from the laser sessions 
was persisting after 1 year denoting the long-term efficacy of the procedure.

Keywords Non-ablative · Erbium YAG  · Laser · Periocular · Wrinkles · Dark circles · Skin laxity · Rejuvenation · 
Periorbital rejuvenation

Introduction

Eye contact is the most powerful mode of establishing a 
communicative link between humans. The eyes play an 
essential role in non-verbal communication, which is why 
they are often the main focus of improving one’s aesthetic 
appearance. The eyelid skin is the thinnest in the body, and 
a loss of collagen means that wrinkles and fine lines appear 
around the eyes first[1].

The treatment of facial wrinkles using ablative lasers 
has been well documented[2]. Despite excellent results, 
they have been associated with considerable disadvan-
tages such as pain, crusting, swelling, infections due to a 
prolonged recovery period, long-lasting erythema, and 
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(A) Mean values of Lemperle Score and (B) Fitzpatrick Score at baseline, after 1st, 2nd, and 3rd sessions. B—baseline, T1—after 1st 

session, T2—after 2nd session, T3—after 3rd session.
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Improvement of periorbital wrinkles: (A) before treatment; 

(B) 12 months after the 3rd treatment.
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improvement in Fitzpatrick score that was not enough to 
change their class).

In order to evaluate the long-term durability of the treat-
ment, we evaluated the change in the Fitzpatrick class 
between the last treatment session and the 12-month post-
treatment follow-up: two patients showed further improve-
ment, 25 remained the same, and 1 showed a worsening in 
the Fitzpatrick class. The overall change was not statistically 
significant.

All the three blinded evaluators were able to success-
fully identify the before and after photos of all patients 
successfully.

The patients’ evaluation scores are summarized in 
Table 4. One patient observed a worsening of wrinkles at 
the 12-month follow-up, but with noted improvement by the 
clinician.

Photographic examples of clinical outcomes are demon-
strated in Figs. 1, 2, and 3.

Adverse effects

The number and duration of side effects are shown in 
Table 5. As reported by patients, erythema and or edema 
persisted for up to 12 h after the procedure. Erythema 
and edema were reported by 13.3–93.3% of patients after 
each session (Fig. 4). Skin peeling was observed after 
each session in most cases and persisted for up to 5 days. 

Skin peeling was reported by most patients after each ses-
sion (93.3–100%). All the adverse effects were mild and 
resolved without permanent skin changing and scarring. 
No additional side effects were reported.

Table 3  Fitzpatrick class and 
Fitzpatrick score

Baseline (N = 30) After session 1 (N = 30) After session 2 (N = 30) 12 months 
after session 3 
(N = 28)

Fitzpatrick class
  I 0 0 16 (53.3%) 16 (57.1%)
  II 14 (46.7%) 23 (76.7%) 14 (64.7%) 12 (42.9%)
  III 16 (53.3%) 7 (23.3%) 0 0 (0%)

Mean Fitzpat-
rick score 
(SD)

7.0 (± 1.4) 5.1 (± 1.2) 3.9 (± 1.2) 3.5 (± 1.1)

Table 4  Patient evaluation of 
treatment outcome

After session 1 
(N = 30)

After session 2 
(N = 30)

12 months 
after session 3 
(N = 28)

Satisfaction
   − 1: worsening 0 0 3.6%

  0: no improvement 0 0 0
  1: mild improvement 6.7% 3.3% 7.1%
  2: moderate improvement 46.7% 46.7% 42.9%
  3: excellent improvement 46.7% 50.0% 46.4%

Mean patient satisfaction score (SD) 2.4 (± 0.6) 2.5 (± 0.6) 2.3 (± 0.9)

Fig. 1  Improvement of periorbital wrinkles: (a) before treatment; (b) 
12 months after the 3rd treatment
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Fox eyes lift - A new protocol 
for eyebrow elevation with laser 
Fotona.

Fotona VectorLift™ Technique 
for Eyebrow Tail Elevation and 
Upper Eyelid Rejuvenation with 
hyperstacking of Smooth Mode 
pulses.

Reduction of the Volume and 
Wrinkles under the Eyes using 
Non-Ablative 2940 nm Er:YAG 
Laser on the Lower Eyelid 
Palpebral Conjunctiva. 
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Improved Vermillion Border 
Definition with Fotona’s LipLase 
Er:YAG Lip Enhancement Protocol.

The effect of intraoral 2,940nm 
non-ablative Erbium: YAG laser on 
the rejuvenation of the upper lip: A 
pilot study. 

Authors: Vélez, N. C., Vélez Ocampo, J. C., Vélez Ocampo, S.   

-
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Maximizing Results, Minimizing 
Downtime: A Dual-Phase Er:YAG 
Approach to Full-Face Skin Resurfacing

EVALUATING COMBINED ER:YAG LASER FOR FULL-FACE RESURFACING

This study aimed to evaluate the safety and efficacy of a combined fractional and 

full-spot ablative 2940 nm Er:YAG laser approach for full-face skin resurfacing. 

The objective was to achieve results comparable to full-field ablative treatments 

while reducing downtime and adverse effects associated with aggressive 

resurfacing.

RETROSPECTIVE STUDY USING DUAL-PHASE ER:YAG PROTOCOL

A retrospective study included 109 patients, predominantly females over 50 

years old, treated using a two-phase protocol with the SP Dynamis® system 

(Fotona, Slovenia). The treatment combined full-spot Er:YAG ablation (5 J/cm2, 

three passes) followed by fractional Er:YAG ablation (132 J/cm2, 5% coverage, 

three passes). Most patients received a single treatment session. Outcomes 

included time to re-epithelialization, duration of erythema, side effects, blinded 

photographic evaluation (GAIS), and patient satisfaction.

HIGH PATIENT SATISFACTION WITH CONTROLLED DOWNTIME

The majority of patients (78%) showed clinical improvement based on blinded 

evaluation, with 24% rated as very much improved. Patient satisfaction was high, 

with 97% satisfied and 67% very satisfied. Re-epithelialization occurred within 

approximately 6.4 days on average, and erythema lasted about 13.8 days. 

COMBINED APPROACH BALANCING EFFICACY AND SAFETY

Blinded evaluation of standardized clinical photographs demonstrated 

improvement in 78% of patients, as assessed GAIS, with high inter-rater reliability. 

Side effects were rare (3.7%) and included isolated cases of hyperpigmentation, 

infection, hypopigmentation, and ulceration, all resolving without complications. 

These findings indicate that the combined approach provides effective clinical 

improvement with a favorable safety profile.

Authors: Mani N., Pajk F., 

Vizintin Z.

-

Published in: Journal of 

Cosmetic Dermatology, 2021

110  |   wileyonlinelibrary.com/journal/jocd J Cosmet Dermatol. 2021;20:110–115.© 2020 Wiley Periodicals, Inc.

1  | INTRODUC TION

Laser skin resurfacing with ablative lasers, such as the 10 600 nm 
CO2 laser, the 2940 nm Er:YAG laser and the 2790 nm Er:YSGG laser, 
has been used for facial rejuvenation for the last 20 years.1 Despite 
many alternative methods for skin rejuvenation, full-field ablative 
laser therapy remains popular due to maximum improvement in a 

single treatment.2 However, it is associated with disadvantages such 
as pain, prolonged erythema, swelling, crusting, infections, pigmen-
tary changes, and scarring.2 Patients are increasingly seeking less 
invasive options with comparable effect.

Fractional lasers ablate only columns of the treated area, leaving 
intervening areas of unharmed skin that help in rapid re-epitheliza-
tion, reducing the chances of adverse effects. Fractional laser skin 
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Abstract
Background: Full-field deep ablative laser resurfacing is a popular method for skin 
rejuvenation due to maximum improvement in a single treatment. However, it is as-
sociated with disadvantages such as pain, prolonged erythema, swelling, crusting, 
infections, pigmentary changes, and scarring. Patients are increasingly seeking less 
invasive options with comparable effect.
Aims: The aim of this retrospective study was to evaluate the safety and efficacy of 
full-face resurfacing using a combination of full spot and fractional erbium (Er:YAG) 
laser resurfacing.
Patients/Methods: About 109 patients, mostly females over 50 years old, were 
treated with a two-phase protocol: full spot ablation (5 J/cm2, three passes) and 
fractional ablation (132 J/cm2, 5% coverage, three passes). We recorded time to re-
epithelization and duration of post-treatment erythema. Any side effects observed 
at follow-up or reported by the patient were recorded. Patient satisfaction question-
naire and blinded evaluation of pre- and post-treatment photographs were used to 
assess efficacy.
Results: A single session was performed in 96% of cases. Postoperative re-epitheli-
zation lasted on average 6.4 ± 2.9 days. Post-treatment erythema lasted on average 
13.8 ± 15.2 days. One patient had hyperpigmentation, one infection, one hypo-pig-
mentation, and one ulcer. All side effects resolved without complications. According 
to the blinded assessment of photographs, 78% of patients showed improvement. 
About 97% of patients were satisfied with the results of the treatment.
Conclusions: A combination of fractional and full spot ablative Er:YAG laser is a safe 
and effective option for full-face resurfacing.

K E Y W O R D S

erbium, fractional, improvement, laser, patient satisfaction, skin resurfacing
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How I Do It - FracRevive - 
holistic skin rejuvenation with 
a combination of full beam and 
fractional Q-switched Nd:YAG 
laser. 
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Effective Acne Scar Improvement with 
High-Energy Fractional Q-Switched 
Nd:YAG Laser

EVALUATING FRACTIONAL Q-S ND:YAG LASER FOR ACNE SCARS

This study aimed to evaluate the efficacy and safety of a high-energy fractional 

nanosecond 1064 nm Q-switched Nd:YAG laser for the treatment of acne scars. 

The objective was to determine whether higher fluence fractional delivery could 

improve scar outcomes while maintaining minimal downtime and reducing the 

risk of adverse effects associated with traditional ablative treatments.

RETROSPECTIVE STUDY USING FRACTIONAL ND:YAG LASER

A retrospective study included 46 patients with acne scars treated using the 

StarWalker® MaQX laser system (Fotona, Slovenia) equipped with a fractional 

1064 nm handpiece FS20A. Treatments were performed using high energy levels 

(30–75 mJ per pixel) with multiple passes depending on scar severity. Patients 

underwent 1 to 4 sessions, with intervals based on healing time. Outcomes were 

assessed through blinded evaluation of standardized photographs and patient 

satisfaction scores.

SIGNIFICANT CLINICAL IMPROVEMENT WITH MINIMAL DOWNTIME

Most patients (75%) were rated as improved or very improved by blinded 

evaluators, demonstrating clear clinical benefit. The average number of 

sessions was low (approximately 1.7), indicating efficient treatment. Healing 

was rapid, with re-epithelialization occurring within approximately 2–3 days and 

erythema resolving within about 9 days. No serious adverse effects, including 

hyperpigmentation, hypopigmentation, or scarring, were reported. Patient 

satisfaction was high, with the majority reporting satisfaction or high satisfaction 

with treatment outcomes.

EFFECTIVE, SAFE, AND LOW-DOWNTIME TREATMENT APPROACH

High-energy fractional nanosecond Q-switched Nd:YAG laser appears to be a safe 

and effective treatment for acne scars, offering meaningful clinical improvement 

with minimal downtime and good tolerability. The fractional delivery allows 

controlled ablation and collagen remodeling while preserving surrounding tissue, 

contributing to a favorable safety profile across Fitzpatrick skin types II–IV. 

Authors: Mani N., Zorman A.

-

Published in: Journal of 

Cosmetic Dermatology, 2021
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1  |  INTRODUC TION

Acne vulgaris is one of the most common skin diseases; it will af-
fect one out of two people in their lifetimes and about 80% of 
people aged between 11 and 30 years.1– 3 Acne scarring, a common 
complication, develops to some degree in the majority of acne suf-
ferers.4 Scars are divided into three general categories: ice- pick 
scars, rolling scars, and boxcar scars5 and are a result of exces-
sive inflammation, acne severity, physical manipulation of the skin, 
and a delay in seeking adequate treatment.3 It affects people both 
physically and emotionally worldwide, regardless of sex, age, and 
ethnicity.2,6 There is also a negative societal perception of acne 
scars.7 Unfortunately, many cases of acne remain untreated or 
are treated sub- optimally, and patients that later develop acne 

scarring often need acne scarring treatment. None of the cur-
rently available treatments achieve a complete resolution of scars, 
and thus, prevention of scarring by early and aggressive acne 
treatment is the best option.8 There are many different treatment 
modalities for acne scarring, such as chemical peeling, retinoids, 
dermabrasion, microneedling, subcision, surgical excision, dermal 
fillers, platelet- rich plasma (PRP), and different energy- based de-
vices. Evidently, a combination of various treatment modalities 
gives better results than monotherapy.8,9 Energy- based devices, 
such as intense pulsed light (IPL), radiofrequency, and lasers, have 
gained popularity as part of the scar treatment arsenal in recent 
years. The ablative 2940 nm Er:YAG and 10 600 nm CO2 lasers 
have been used in treating various types of scars. However, due 
to adverse effects such as edema, erythema, dyspigmentation, 
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Abstract
Aims: The objective of this study was to evaluate the effectiveness and safety of 
high- energy ablative fractional nanosecond Q- switched 1064 nm laser therapy for 
acne scars.
Material and methods: Forty- six patients aged from 16 to 69 years and of Fitzpatrick 
skin type from 2 to 4 were included in this retrospective study. Multiple passes were 
delivered with a fractional 1064- nm handpiece at high energy. Results were evaluated 
using blinded analysis of patient before and after photographs and also by evaluating 
patient satisfaction.
Results: Most patients (75%) were improved or very improved according to blinded 
evaluation. Patient satisfaction was high. No hypo/hyperpigmentation, scarring, or 
any other side effects were reported by any of the patients.
Conclusions: The study demonstrated good clinical outcomes in facial acne scar man-
agement with a high patient satisfaction rate and no adverse side effects.
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acne scars, fractional, laser, Q- switched 1064 nm
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Scar improvement graded by 3 blinded assessors (GAIS). Patient satisfaction.

Before and 2 weeks after the second procedure.

Before and 1 months after a single procedure.

Before and 4 months after a single procedure.

3910  |    MANI ANd ZORMAN

array technology in the management of facial acne scarring. The 
high energies per pixel used in this method enable ablation of the 
treated skin islets using a nanosecond Q- switched Nd:YAG laser, 
representing a novel approach to acne scar treatment that combines 
the benefits of surface ablation and deep tissue penetration, both 
contributing a role in the scar revision process. We have shown that 
this method produces significant clinical improvement of acne scars 
and results in high patient satisfaction.

Akerman et al.18 have reported an overall moderate improve-
ment in scar appearance and a statistically significant decrease 
in scar severity in post- surgical scars using a similar approach 

with the nanosecond 1064 nm wavelength in a fractional deliv-
ery mode, but with lower energies per pixel. Histological changes 
(multicellular and wavy epidermis, dense collagen fibers, and col-
lagen regeneration in the dermis) were also observed in a study 
by Urdiales- Galvez et al.21 where a fractional approach for the 
improvement of acne scars was used also with picosecond lasers 
(around 10 times shorter pulses) of the same wavelength, show-
ing good results. Manuskiatti et al.22 treated 26 patients with 
atrophic acne scars and showed improvement in scar volume and 
smoothing of the skin. Koren et al.23 reported an average 50%– 
75% improvement in 16 patients with hyperpigmented scars, 
whereas Choi achieved 25%– 49% improvement in 24 patients 
with hypertrophic scars.24 Similar improvement (25%– 50%) was 
also reported by Brauer who included 17 patients in the study.20 
A small study with 4 patients reported ECCA score improvement 
of 57.9% in using fractional picosecond 1064 nm with atrophic 
acne scars.16

Our study on acne scars included a relatively high number of 
patients (n = 46) in comparison with all others using a similar ap-
proach in treating acne scarring. Clinical efficacy was evaluated 
by three blinded assessors that were able to determine the cor-
rect before/after sequence in almost all of the cases showing that 
improvement was substantial and obvious. Even though we ap-
plied a score of 5 (worsened patient) in the cases of an incorrect 
evaluation of before/after sequence, 75% of patient fell into the 
improved or very improved category. Photographs for blinded as-
sessment were taken at the last follow- up, which was 1– 6 months 
(average 3.2 months) after the final treatment. Downtime was 
minimal; patients experienced transient erythema, mild edema 
and some crusting over the next couple of days post- treatment. 
Re- epithelization on average happened on the second/third day 
and erythema resolved by day 9 in comparison with standard 
ablative treatments, where erythema can last a few weeks with 
Er:YAG and even up to half a year with CO2 resurfacing.13,25,26 
Our previous personal experience when ablative laser treat-
ments are performed was that the use of PRP after the treat-
ment will shorten the recovery time and improve the outcome. 
This has also been confirmed by different studies.27– 29 However, 
we have not been able to show statistically significant difference 
with the use of PRP in this study since redness disappeared and 
re- epithelization occurred in the same amount of time in both 
groups. The procedure proved to be patient friendly since 85% 
of the patients were satisfied or very satisfied with the treat-
ment and treatment outcome. Minimal preparation was required, 
with the face cleansed to remove any makeup or excess sebum 
before initiating treatment. Patients were not asked about a pain 
score specifically, but we can assume it was minimal since none 
of the patients required any pre- treatment anesthesia or cool-
ing for analgesia during the treatment sessions, which are usually 
needed for standard ablative fractional treatments. The majority 
of our patients were of a darker skin type (namely Hispanic or 
Asian) who are more likely to develop adverse side effects (e.g., 

F I G U R E  3  Ablation holes over a tattooed area as seen through 
dermatoscopy (dermatoscopic photograph from a patient not 
related to this study, Courtesy of Fotona)

TA B L E  2  Scar improvement graded by 3 blinded assessors 
(GAIS)

Blinded evaluation N = 12

1- Exceptional improvement 0 0%

2- Very good improvement 3 25%

3- Improvement 6 50%

4- No change 3 25%

5- Worsening 0 0%

TA B L E  3  Patient satisfaction

Patient satisfaction N = 20

3- Very satisfied 5 25%

2- Satisfied 12 60%

1- Somewhat satisfied 3 15%

0- Not satisfied 0 0%
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contributing a role in the scar revision process. We have shown that 
this method produces significant clinical improvement of acne scars 
and results in high patient satisfaction.
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in scar severity in post- surgical scars using a similar approach 

with the nanosecond 1064 nm wavelength in a fractional deliv-
ery mode, but with lower energies per pixel. Histological changes 
(multicellular and wavy epidermis, dense collagen fibers, and col-
lagen regeneration in the dermis) were also observed in a study 
by Urdiales- Galvez et al.21 where a fractional approach for the 
improvement of acne scars was used also with picosecond lasers 
(around 10 times shorter pulses) of the same wavelength, show-
ing good results. Manuskiatti et al.22 treated 26 patients with 
atrophic acne scars and showed improvement in scar volume and 
smoothing of the skin. Koren et al.23 reported an average 50%– 
75% improvement in 16 patients with hyperpigmented scars, 
whereas Choi achieved 25%– 49% improvement in 24 patients 
with hypertrophic scars.24 Similar improvement (25%– 50%) was 
also reported by Brauer who included 17 patients in the study.20 
A small study with 4 patients reported ECCA score improvement 
of 57.9% in using fractional picosecond 1064 nm with atrophic 
acne scars.16

Our study on acne scars included a relatively high number of 
patients (n = 46) in comparison with all others using a similar ap-
proach in treating acne scarring. Clinical efficacy was evaluated 
by three blinded assessors that were able to determine the cor-
rect before/after sequence in almost all of the cases showing that 
improvement was substantial and obvious. Even though we ap-
plied a score of 5 (worsened patient) in the cases of an incorrect 
evaluation of before/after sequence, 75% of patient fell into the 
improved or very improved category. Photographs for blinded as-
sessment were taken at the last follow- up, which was 1– 6 months 
(average 3.2 months) after the final treatment. Downtime was 
minimal; patients experienced transient erythema, mild edema 
and some crusting over the next couple of days post- treatment. 
Re- epithelization on average happened on the second/third day 
and erythema resolved by day 9 in comparison with standard 
ablative treatments, where erythema can last a few weeks with 
Er:YAG and even up to half a year with CO2 resurfacing.13,25,26 
Our previous personal experience when ablative laser treat-
ments are performed was that the use of PRP after the treat-
ment will shorten the recovery time and improve the outcome. 
This has also been confirmed by different studies.27– 29 However, 
we have not been able to show statistically significant difference 
with the use of PRP in this study since redness disappeared and 
re- epithelization occurred in the same amount of time in both 
groups. The procedure proved to be patient friendly since 85% 
of the patients were satisfied or very satisfied with the treat-
ment and treatment outcome. Minimal preparation was required, 
with the face cleansed to remove any makeup or excess sebum 
before initiating treatment. Patients were not asked about a pain 
score specifically, but we can assume it was minimal since none 
of the patients required any pre- treatment anesthesia or cool-
ing for analgesia during the treatment sessions, which are usually 
needed for standard ablative fractional treatments. The majority 
of our patients were of a darker skin type (namely Hispanic or 
Asian) who are more likely to develop adverse side effects (e.g., 

F I G U R E  3  Ablation holes over a tattooed area as seen through 
dermatoscopy (dermatoscopic photograph from a patient not 
related to this study, Courtesy of Fotona)

TA B L E  2  Scar improvement graded by 3 blinded assessors 
(GAIS)

Blinded evaluation N = 12

1- Exceptional improvement 0 0%

2- Very good improvement 3 25%

3- Improvement 6 50%

4- No change 3 25%

5- Worsening 0 0%

TA B L E  3  Patient satisfaction

Patient satisfaction N = 20

3- Very satisfied 5 25%

2- Satisfied 12 60%

1- Somewhat satisfied 3 15%

0- Not satisfied 0 0%
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was used. The redness faded on the 9th day on average (9.2 ± 2.5 
with PRP and 9.3 ± 2.8 without PRP). No hypo/hyperpigmenta-
tion, scarring, or any other side effects were reported by any of the 
patients.

Twelve pairs of high quality before/after photos were available 
in our database (Figures 1, 2, and 3). The photographs were taken 
1– 6 months after the final procedure (average: 3.2 months). A cor-
rect blinded before/after recognition was achieved by all 3 blinded 
assessors in 75% of cases; in the remaining 25% of cases, 2 out of the 
3 assessors recognized the correct sequence. Most patients (75%) 
were improved or very improved according to blinded evaluation 

(see Table 2). Only 20 patients were available for the satisfaction 
survey. Self- rated satisfaction ranged from 0 to 3 with a mean 
2.1 ± 0.64 (see Table 3). A chi- square test of independence showed 
that there was no significant association between PRP use and self- 
reported patient satisfaction, X2 (1, N = 20) = 0.09, p = 0.96.

4  |  DISCUSSION

This is the first study, to our knowledge, to report on the efficacy 
of the high- fluence 1064 nm- nanosecond laser and diffractive lens 

F I G U R E  1  Patient #1: before and 
2 weeks after the second procedure

F I G U R E  2  Patient #2: before and 
4 months after a single procedure
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hyperpigmentation).26,30 However, no adverse side effects were 
reported, so we can conclude that fractional Q- switched 1064 nm 
treatment as proposed in this study is safe for all skin types. This 
improvement in the safety profile and reduction in downtime is 
achieved by the use of fractionalization of the laser beam. A spe-
cialized diffractive lens array was used to alter the distribution 

of energy delivered to the skin. Standard, that is full- beam hand-
pieces deliver the energy in a uniform fashion. In contrast, the 
handpiece and laser used in our study deliver high energy to 81 
(9 × 9) pixels in a 9 × 9 mm matrix. Practically, all of the energy 
is delivered directly to the 81 pixels (each around 100 um in di-
ameter). This produces discrete areas of damage (microthermal 
treatment zones) and spares the surrounding tissue.31,32 When 
a high energy per pixel is used, these microthermal treatment 
zones actually become points of ablation (see Figures 4 and 5). 
By using the FS20A handpiece, approximately 3% of the cuta-
neous surface area per laser shot is ablated, therefore multiple 
passes were performed to achieve around 15%– 20% coverage, 
a density considered optimal for ablative fractional treatments. 
The strengths of this study are a high number of patients, and the 
use of subjective and objective for evaluation of the results. The 
limitations are that only not all participants gave consent for pho-
tography and only a part of them answered the post- treatment 
satisfaction questionnaire.

5  |  CONCLUSION

It is important to find new and better, more tolerable ways with 
shorter downtime to treat acne scars because of the high prevalence 
of this problem in the general population. To our knowledge, this is 
the first reported study that demonstrates good clinical outcomes 
in facial acne scar management with the fractional nanosecond 
1064 nm laser. Additional studies with even larger sample sizes, ad-
ditional methods for objective outcome evaluation, histologic anal-
yses, or split case studies are needed to confirm our findings and 
potentially improve the technique itself.

F I G U R E  4  Cross section of an ablation hole in a tattooed area 
(histology slide from a patient not related to this study, Courtesy of 
Fotona)

F I G U R E  5  Patient #3: before and 
1 months after a single procedure
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Comparable Efficacy of Nd:YAG and 
Pulsed Dye Laser for Acne Vulgaris: A 
Split-Face Randomized Study

COMPARING ND:YAG AND PDL FOR ACNE TREATMENT

This study aimed to compare the clinical efficacy and safety of 1064 nm long-

pulsed Nd:YAG laser and 595 nm pulsed dye laser (PDL) for the treatment of mild 

to moderate facial acne vulgaris. The objective was to determine whether one 

modality offers superior reduction of inflammatory lesions and erythema, while 

maintaining a favourable safety profile.

SPLIT-FACE RANDOMIZED CLINICAL STUDY DESIGN

A prospective, randomized split-face clinical trial included 34 patients treated 

with both modalities on opposite sides of the face. The 1064 nm Nd:YAG 

treatments were performed using the Dualis SP® system (Fotona, Slovenia), while 

the contralateral side received 595 nm PDL treatment. Patients underwent three 

treatment sessions at 2-week intervals, with follow-up assessments including 

lesion counts, erythema index, acne severity grading, patient satisfaction, pain 

scores, and adverse effects.

BETTER TOLERABILITY AND FEWER ADVERSE EFFECTS WITH ND:YAG 

LASER

Both laser modalities demonstrated significant reductions in inflammatory acne 

lesions, erythema index, and acne severity scores compared to baseline, with no 

statistically significant difference between the two treatments. However, Nd:YAG 

treatment demonstrated significantly lower pain scores and fewer adverse 

effects compared to PDL. Additionally, Nd:YAG demonstrated a trend toward 

more sustained improvement and less rebound in noninflammatory lesions, while 

PDL showed slightly faster but less durable responses.

ND:YAG AS A PREFERRED OPTION FOR SAFETY AND PATIENT COMFORT

Both 1064 nm Nd:YAG and 595 nm PDL are safe and moderately effective 

treatments for inflammatory acne and associated erythema. However, Nd:YAG 

may be preferable, particularly in patients with darker skin types, due to lower 

risk of adverse effects, reduced discomfort, and higher patient preference. 
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Abstract
Background: The popularity of laser therapy in acne treatment has been increasing 
recently due to its safety, effectiveness, and convenience. Both 595-nm pulsed dye 
laser (PDL) and 1064-nm long-pulsed neodymium:yttrium-aluminum-garnet laser 
(Nd:YAG) have been successful in treating inflammatory acne lesions. However, clini-
cal data from controlled comparative studies are still lacking.
Aims: To compare the clinical efficacy of 1064-nm Nd:YAG with 595-nm PDL for the 
treatment of acne vulgaris.
Methods: Thirty-four participants with mild to moderate facial acne were enrolled 
and then randomized to receive three, 2-week interval treatments with 1064-nm 
Nd:YAG on one side of the face and 595-nm PDL on the other side. Clinical assess-
ments including acne lesion counts, acne erythema grading, and erythema index 
were performed at baseline, 2nd, 4th, and 8th week. Participants’ satisfaction, pref-
erence, and adverse effects were recorded.
Results: As compared with baseline, the significant reduction of mean inflammatory 
acne lesion counts, acne erythema grading, and erythema index was demonstrated 
on 595-nm PDL-treated sides and 1064-nm Nd:YAG-treated sides. However, there 
were no significant differences between both sides. The participants were satisfied 
with both laser treatments, but the participants preferred 1064-nm Nd:YAG over 
595-nm PDL treatment. The adverse effects were less on 1064 nm Nd: YAG-treated 
sides.
Conclusions: 1064-nm Nd:YAG and 595-nm PDL treatments are equally effective 
in reducing inflammatory acne lesions and acne erythema in mild to moderate facial 
acne vulgaris.

K E Y W O R D S

595-nm Pulsed dye laser, 1064-nm Long-pulsed Nd:YAG laser, Acne erythema, Acne vulgaris
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Visible Hair Regrowth with Non-ablative 
Er:YAG Laser: A Clinical Observation in 
Androgenetic Alopecia

NON-ABLATIVE ER:YAG LASER AS A NOVEL OPTION FOR ANDROGENETIC 

ALOPECIA

This clinical observational study evaluated the effectiveness and safety of non-

ablative Er:YAG laser treatment in patients with androgenetic alopecia (AGA). 

The aim was to assess whether minimally invasive laser therapy could provide 

visible improvement in hair appearance and patient satisfaction as a non-

pharmacological treatment option for both male and female patients with early 

to advanced AGA.

A COMPREHENSIVE EVALUATION OF NON-ABLATIVE ER:YAG LASER 

TREATMENT 

The clinical study enrolled 32 patients (22 men and 10 women) who received 2940 

nm Er:YAG laser therapy using the XS Dynamis® system (Fotona, Slovenia). The 

treatment protocol consisted of six biweekly sessions using non-ablative Fotona 

SMOOTH® mode, with multiple laser passes over the affected scalp regions and 

controlled thermal delivery. Treatment efficacy was evaluated using clinical 

improvement scores, blinded assessment of standardized global photographs, 

patient satisfaction questionnaires, and pain scores.

VISIBLE HAIR IMPROVEMENT IN 72% OF PATIENTS WITH HIGH 

SATISFACTION

Clinical evaluation revealed a median improvement score of 6 on a 0–10 scale, 

indicating moderate to marked improvement. Blinded assessment of global 

photographs showed that hair appearance at 1-month follow-up was better in 63% 

of patients and much better in an additional 9%, resulting in visible improvement 

in 72% of treated patients. Patient satisfaction was high, with a median satisfaction 

score of 3 (very satisfied). Treatment efficacy was consistent across genders and 

independent of patient age or duration of AGA. The treatment was well tolerated, 

with a median pain score of 3 on a 0–10 scale, indicating mild discomfort. No 

serious adverse events were reported. 

NON-ABLATIVE ER:YAG LASER IS A SAFE AND EFFECTIVE AGA TREATMENT 

OPTION

The study concludes that non-ablative Er:YAG laser therapy is a safe and effective 

treatment modality for androgenetic alopecia, producing visible improvement in 

hair appearance and high patient satisfaction. As a stand-alone, minimally invasive 

treatment, it represents a promising alternative or adjunct to pharmacological 

therapies, particularly for patients seeking non-drug-based options. 
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Background and Aim: Androgenetic alopecia (AGA) is a common hair disorder with a low cure rate. Nonablative Er:YAG laser
therapy is a novel treatment modality for AGA, representing an alternative to pharmacological and surgical treatment. To date,
several small scale studies employing this laser treatment have demonstrated good results but the evidence is still limited. �e aim
of this study was to evaluate e�ectiveness and safety of a nonablative 2940 nm Er:YAG laser for treating AGA in female and male
patients with both early and advanced stages of AGA.
Methods: Patients (22 male and 10 female) with active AGA were treated with 2940 nm nonablative Er:YAG laser (SMOOTH™
mode, 7mm spot size, 7.5–10 J/cm2, and frequency 2.5Hz). E£cacy of treatment was evaluated clinically on a scale of 0–10 and
with blind evaluation of hair appearance as seen in global photographs. Global photographs were taken before treatment and at 1-
month follow-up and evaluated on a 5-point scale. Patient satisfaction was evaluated with a questionnaire on a scale from 0 to 3
and pain during treatment was evaluated with a pain scale from 0 to 10.
Results: Median clinical improvement was 6 (1–9), median satisfaction score was 3 (0–3), and median pain degree was 3 (0–10).
According to blind evaluation, hair appearance at the 1-month FU was better in 63% and much better in 9% of the patients
compared with the baseline. No adverse reactions were reported.
Conclusions:�e results of this study corroborate the e�ectiveness of treatment with nonablative Er:YAG laser therapy for AGA.
Six biweekly sessions resulted in general patient satisfaction and visible improvement in hair appearance.

Keywords: androgenic alopecia; Er:YAG laser; hair regrowth; hair restoration; laser therapy

1. Background

Androgenetic alopecia (AGA) is a very common hair dis-
order, characterized by a progressive decrease in hair
density. Both men and women are a�ected, but with dif-
ferent hair loss patterns and prevalence. In China, the male
and female prevalence rates are about 21% and 6%, re-
spectively [1]. Typically, hair loss is greatest on the top of
patient’s head and less on the sides while hair density in the
occipital area remains normal. �e cure rate of this disease is

low, which seriously a�ects the quality of daily life of pa-
tients. Current clinical treatments of AGA include various
oral and topical pharmaceuticals and surgical hair trans-
plantation. �ese treatment methods can achieve good re-
sults but are limited by possible adverse drug reactions, poor
patient compliance, and recurrence after drug withdrawal
and in case of surgery a poor postoperative hair density and
high costs. Stimulation of hair growth by laser therapy
represents an alternative treatment that has already dem-
onstrated e£cacy in hair restoration [2, 3], including the use

Wiley
Dermatologic Therapy
Volume 2025, Article ID 2419414, 8 pages
https://doi.org/10.1155/dth/2419414
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Outcome measures presented with a frequency distribution, 

where a single data point on a chart represents a single 

patient. Black line and bars represent the median and 

interquartile ranges in (a) clinical improvement, (b) patient 

satisfaction, and (c) pain degree.

Blind evaluation of hair appearance at the 1-month FU 

compared with the baseline. Shown is the percentage of 

patients receiving a specifc score on a scale from (-2) to (+2), 

corresponding to improvement in a range of much worse to 

much better. 

Representative global photographs of the treated female patients at the baseline (left) 

and 1-month FU (right).

Representative global photographs of the treated male patients at the baseline (left) and 

1-month FU (right).

Table 2: Patient outcome measures.

Patient no. BASP classi�cation
at Baseline

BASP classi�cation
at 1-month FU

Clinical improvement
at 1-month
FU (0–10)

Pain during
treatment (0–10)

Patient satisfaction
at 1-month
FU (0–3)

1 M0F2 M0F1 8 7 2
2 M2F3 M0F1 8 4 3
3 U1F3 U1F2 6 2 3
4 M0F2 M0F1 6 3 2
5 M1V3 M0V1 9 2 3
6 M2F3 M2F2 8 3 3
7 M2V3 M2V3 2 3 2
8 M2F3 M2F3 3 7 1
9 M0F1 M0F1 6 3 3
10 M0F2 M0F2 6 4 3
11 M0F1 M0F1 9 3 2
12 M0F2 M3F3 5 3 1
13 M0F1 M0F1 9 2 3
14 M2F3 M2F2 7 3 2
15 M1V1 M1V1 4 2 3
16 M3F2 M3F2 4 4 1
17 M1F1 M1F1 5 5 3
18 M0F2 M0F1 4 7 3
19 M0F1 M0F1 5 3 2
20 M1V2 M1V1 9 4 3
21 M2F3 M2F3 6 2 2
22 M0V1 M0V1 6 3 3
23 M0F1 M0F1 5 4 2
24 M2F3 M2F3 9 3 3
25 M1V2 M1V1 2 2 2
26 M2F3 M2F3 3 1 3
27 M2F3 M2F3 1 1 2
28 M0F1 M0F1 6 3 2
29 M0F2 M0F1 2 3 3
30 M1F1 M1F1 9 4 3
31 M0F2 M0F1 1 5 2
32 M2F3 M2F3 7 3 3
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Figure 1: Outcome measures presented with a frequency distribution, where a single data point on a chart represents a single patient. Black
line and bars represent the median and interquartile ranges in (a) clinical improvement, (b) patient satisfaction, and (c) pain degree.
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providers tailor treatments to individual needs and pro-
vide insights into how the treatment a
ects their daily
lives beyond clinical measures. �e e�cacy of new hair
growth with current US FDA-approved therapies can be

unsatisfactory, and signi�cant improvement is not always
observed [7]. Given that AGA is a common age-
dependent trait in men and women, with its frequency
and severity increasing with age [24], the interest for hair

At baseline At 1 month FU

Figure 2: Representative global photographs of the treated female patients at the baseline (left) and 1-month FU (right).
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At baseline At1 month FU

Figure 3: Representative global photographs of the treated male patients at the baseline (left) and 1-month FU (right).
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At baseline At1 month FU

Figure 3: Representative global photographs of the treated male patients at the baseline (left) and 1-month FU (right).
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restoration treatments, including laser therapy, is ex-
pected to increase and further research into this topic is
warranted.

5. Conclusion

Based on the results of this study, we can conclude that
nonablative Er:YAG laser therapy is an e�cient treatment
modality for AGA, resulting in general patient satisfaction
and visible improvement in hair appearance. It may be used as
an adjuvant treatment or as monotherapy in AGA patients
that seek minimally invasive and nonpharmaceutical treat-
ment options. �e novelty of this research predominantly lies
in the unique laser modality and a focus on monotherapy.
Overall, it contributes valuable new insights into the ­eld of
laser therapy for hair restoration, speci­cally through its focus
on the Er:YAG laser in nonablative mode as a stand-alone
treatment and its implications for early intervention in AGA
management. Furthermore, this study demonstrates patient
comfort and adherence to treatment which are critical for
long-term success. An important limitation of the present
study is a lack of an objective outcome and a lack of longer
follow-up that would enable an assessment of longevity of
treatment results. Due to a relatively small sample size, the
statistical power of this study is low. Another major limitation
of this study is the absence of a placebo or sham control,
which limits the strength of our conclusion regarding the
e�ectiveness of the intervention. Randomized controlled trials
with objective outcome measures such as trichoscopy are
needed to corroborate the results of the present study.
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Safe, Effective, and Well-Tolerated: Non-
Ablative Er:YAG Laser for Hair Regrowth 
in AGA

EVALUATING NON-ABLATIVE ER:YAG LASER FOR ANDROGENETIC 

ALOPECIA

This study aimed to evaluate the effectiveness and safety of non-ablative 

Er:YAG laser therapy in patients with androgenetic alopecia (AGA), used either 

as monotherapy or in combination with adjunctive treatments such as platelet-

rich plasma (PRP), topical minoxidil, and nutraceuticals. The objective was to 

assess clinical improvement across different stages of AGA and determine overall 

patient outcomes.

RETROSPECTIVE STUDY USING ER:YAG SMOOTH™ LASER THERAPY 

A retrospective clinical study included 16 patients (7 male, 9 female) with varying 

stages of AGA. All patients underwent eight treatment sessions using the SP 

Dynamis® system (Fotona, Slovenia) with non-ablative Fotona SMOOTH® Er:YAG 

mode at two-week intervals. Ten patients additionally received PRP injections, 

while several patients continued topical minoxidil and oral nutraceutical 

therapies during the study. Treatment efficacy was assessed using Ludwig and 

Norwood-Hamilton AGA grading scales, blinded evaluation of standardized 

global photographs, patient satisfaction questionnaires, pain scores, and safety 

monitoring.

HIGH RATE OF HAIR QUALITY IMPROVEMENT AND PATIENT SATISFACTION

Blinded evaluation demonstrated improvement in hair quality in 93% of patients, 

with 75% rated as “better” and 19% as “much better,” while only one patient 

showed no visible change. A reduction in AGA grade was observed in 64% of 

patients overall, with statistically significant improvement detected in female 

patients. Patient satisfaction was high, with 81% of patients reporting the highest 

satisfaction score. Treatments were well tolerated, with low pain levels (median 

VAS score 2), and no adverse effects were reported during treatment or follow-

up. Clinical photographs demonstrated visible improvement in hair appearance 

and scalp coverage following therapy. 

SAFE AND EFFECTIVE TREATMENT WITH OR WITHOUT COMBINATION 

THERAPY

Non-ablative Er:YAG laser therapy SMOOTH® mode appears to be a safe 

and promising treatment for androgenetic alopecia, producing consistent 

improvements in hair quality and high patient satisfaction with minimal 

discomfort, either as monotherapy or in combination with PRP and adjunctive 

therapies. Results were comparable whether used alone or in combination with 

PRP and other therapies, suggesting broad clinical applicability. 
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Abstract
Background: Up to 70% of the adult population worldwide is affected by androgenetic 
alopecia (AGA) hair loss. Laser therapy offers an addition or alternative to pharmaceu-
tical and surgical treatment of hair regrowth, with non- ablative lasers being preferred 
over ablative lasers in terms of safety and downtime. Combining laser therapy with 
different topical agents may result in better hair regrowth.
Objective: The aim was to evaluate the effectiveness and safety of non- ablative 
Er:YAG laser used in clinical practice, alone or in combination with other treatment 
modalities, in patients with both early and advanced stages of AGA.
Methods and patients: Sixteen patients (7 male and 9 female) with active AGA in 
different stages were treated with the non- ablative Er:YAG laser (SMOOTHTM mode, 
7 mm spot size, 7.00 J/cm2 pulse fluence, 3.3 Hz frequency) as a monotherapy or in 
combination with injections of platelet- rich plasma (PRP) to the scalp, topical minoxi-
dil, and oral supplements for the promotion and support of hair growth. Efficacy was 
assessed with clinical assessment of AGA grade (Ludwig scale for female / Norwood- 
Hamilton scale for male) and with blind evaluation of hair quality in global photo-
graphs before and after treatment. Patients subjectively rated their satisfaction with 
the laser treatment on a scale from 0– 3 and pain on a VAS scale from 0– 10.
Results: AGA grade after treatment was lower compared to baseline (p = 0.015 and 
p = 0.125 in female and male patients, respectively). Blind evaluation indicated an 
improvement in hair quality in 93% of patients, either being described as much better 
(14%) or as better (79%), which was not correlated with age or AGA grade. The median 
satisfaction score was 3, and the median VAS score for pain was 2. The positive effect 
of the treatment on the hair quality is ongoing. No adverse reactions were reported.
Conclusions: The treatment was effective in treating AGA, confirmed by a decrease in 
AGA grade and by blinded evaluation of global photographs. Although the possible addi-
tive or complementary effect of topical minoxidil or nutraceuticals cannot be excluded, 
our results suggest that the non- ablative Er:YAG laser SMOOTH™ mode as a monother-
apy, or in combination with PRP, is an efficient and safe treatment for AGA— with a high 
satisfaction rate among patients regardless of patient age, AGA duration, or AGA stage.
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Hair quality after treatment as assessed by the blind evaluation 

of global photographs.

Representative before and after photographs of three patients. 

(A) Patient 6, treated with laser monotherapy. AGA stage 

improved from N- H stage 6 to 5 (North- Hamilton stage), and 

hair quality was assessed as better by blind evaluation after 

treatment; (B) patient 9, treated with laser combined with 

PRPb. AGA stage improved from grade 2 to 1 (Ludwig scale),

and hair quality was assessed as better by blind evaluation 

after treatment; (C) patient 15, treated with laser combined

with PRPa. AGA stage improved from N- H stage 3 to 2, and 

hair quality was assessed as much better by blind evaluation 

after treatment.

Patient satisfaction.

much worse
worse
no change
better
much better

19%

75%

6%

81.2%

18.8%
not satisfied
somehow satisfied
satisfied
very satisfied

much worse
worse
no change
better
much better

19%

75%

6%

81.2%

18.8%
not satisfied
somehow satisfied
satisfied
very satisfied

    | 2061DAY et Al.

subsequent follow- up visits (3, 6, and 12 months). Pain during 
treatment was assessed by patients uniformly as at level 2 on the 
VAS scale (0– 10). The results of this study corroborate the results 
of a case study where a combined treatment with the non- ablative 
Er:YAG laser combined with subcutaneous injections of PRP gave 
significant results in treating androgenetic alopecia in one male 
patient, with long- term preservation of the achieved results.32 The 
patients treated in this study are continuing with a maintenance 
treatment once every 3 months, and the duration of the positive 
effect is ongoing. The effectiveness of a similar treatment protocol 

was reported in another recent study,33 where significant improve-
ment in hair quality was detected in 92% of patients receiving non- 
ablative Er:YAG laser monotherapy and in 100% of patients receiving 
a combined therapy with post- laser application of growth factors.

5  |  CONCLUSION

Hair loss is associated with great emotional distress. The treatment 
employed in this study provided relief and renewed hope for many 

F I G U R E  2  Representative before and 
after photographs of three patients. (A) 
Patient 6, treated with laser monotherapy. 
AGA stage improved from N- H stage 6 to 
5 (North- Hamilton stage), and hair quality 
was assessed as better by blind evaluation 
after treatment; (B) patient 9, treated with 
laser combined with PRPb. AGA stage 
improved from grade 2 to 1 (Ludwig scale), 
and hair quality was assessed as better 
by blind evaluation after treatment; (C) 
patient 15, treated with laser combined 
with PRPa. AGA stage improved from N- H 
stage 3 to 2, and hair quality was assessed 
as much better by blind evaluation after 
treatment

(A)

(B)

(C)

Hair regrowth and maintenance in 
alopecia universalis patient treated 
with nonablative Er:YAG laser.
Authors: McCarthy, M., Day, D., Talaber, I.     
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Published in: Clinical case reports, 2021   
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Precision Vascular Treatment: Long-Pulse 
Nd:YAG Laser for Rosacea Redness

EVALUATING LONG-PULSE ND:YAG LASER FOR ROSACEA 

TELANGIECTATICA

This study aimed to evaluate the efficacy and safety of long-pulse 1064 nm 

Nd:YAG laser for the treatment of rosacea telangiectatica, specifically targeting 

superficial facial blood vessels. The objective was to assess the degree of 

telangiectasia clearance and determine treatment tolerability.

CLINICAL STUDY USING LONG-PULSE ND:YAG LASER

A clinical study included 23 female patients with Fitzpatrick skin types I–III. 

Treatments were performed using the Dualis SP II® system (Fotona, Slovenia). 

Patients received one to three treatment sessions at 6-week intervals, with 

parameters adjusted based on vessel size and depth. Outcomes included 

percentage clearance of telangiectasia, patient-reported pain scores (VAS), and 

monitoring of adverse effects.

HIGH CLEARANCE RATES WITH GOOD TOLERABILITY

All patients demonstrated clinical improvement in telangiectasia appearance. The 

majority achieved good to excellent clearance, with 13 patients showing excellent 

results, 8 good, and 2 moderate clearancesafter treatment. Pain was generally 

moderate and well tolerated, with most patients rating it as “unpleasant” 

Transient side effects included mild erythema, edema, one case of prolonged 

erythema and three cases of hyperpigmentation, all resolving without long-term 

complications.

EFFECTIVE AND SAFE OPTION FOR VASCULAR LESIONS

Long-pulse Nd:YAG laser appears to be safe and effective treatment for rosacea-

associated telangiectasia, particularly for vessels up to 2 mm in diameter. The 

treatment allows for parameter customization based on vessel characteristics, 

enabling effective targeting without anypermanent skin changes reported in this 

study. It is well tolerated without the need for anesthesia and allows patients to 

resume normal activities immediately. 
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ABSTRACT  

A clinical study was performed in which 23 female 
patients were treated with long pulse Nd:YAG laser 
light (DualisSP, Fotona, Slovenia) for rosacea 
teleangiectatica.  

Patients were treated in one, two or three sessions, 
depending on facial telangiectasia clearance success. 
The time interval between sessions was 6 weeks. 
Treatment parameters were set according to the 
treated vessel size and depth. Fluences between 160 
and 210 J/cm2 and pulse durations between 10 and 15 
msec were used. The therapy was performed without 
any anesthesia, only cold air cooling was used for pain 
reduction. The pain level was measured with a 10 
grade visual analogue scale (VAS). 

Results of telangiectasia clearance were evaluated 
on a four grade scale (poor, moderate, good and 
excellent) 3 months after the last treatement session. 
All patients experienced marked improvement of 
rosacea, among them 13 patients had excellent 
cleareance, 8 good and 2 moderate clearance. The 
treatments were well tolerated and there were no 
severe side effects. Three patients had 
hyperpigmentation and one prolonged erythema, 
which were all transient. 
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I. INTRODUCTION 

Fitzpatrick type No.of Pts % of Pts
I 9 39,13%
II 11 47,83%
III 3 13,04%

23 100,00%

Rosacea is a chronic skin disorder characterized by 
facial flushing, persistent erythema, telangiectasia, and 
inflammatory papules and pustules affecting the 
central face. It is a chronic condition which can relapse 
and also spontaneously clear so it requires long term 
treatment. Rosacea can be mistaken for several other 
cutaneous disorders including acne vulgaris, steroid-
induced acne, sunburn, or actinic changes and even 

lupus. The flushing and telangiectasias of rosacea can 
be confused with some other rare disorders as well, 
including carcinoid syndrome, pheochromocytoma, 
and mastocytosis.  

Many well documented factors result in vascular 
dilatation, damage and subsequent alterations to the 
connective tissues in a context of increased activity of 
reactive oxygen radicals. A chronic inflammatory 
reaction - with its accompanying flood of 
inflammatory cells and inflammatory mediators - then 
leads to the rosacea phenotype: erythema, papules, and 
pustules. Involvement of the lymphatic system results 
in edema. Enduring erythema characterizes the first 
stage of rosacea with telangiectasia of different 
severity. [1] 

The 1064 nm wavelength has been long used for 
various vascular treatments from port wine stains to a 
variety of vascular ectasia and pigment applications. 
Long pulse Nd:YAG lasers (5-60 msec) have given us 
the opportunity to extend the application of this 
wavelength to the removal of fine telangiectasia 
connected with rosacea. The deep penetration depth 
of the Nd:YAG wavelength combined with the pulse 
duration matching the thermal relaxation time of 
targeted vessels, could potentially allow the treatment 
of these vessels.[2] 

 

II. MATERIALS AND METHODS 

Twenty-three female patients with Fitzpatrick skin 
type I to III were treated with the Nd:YAG 1064 nm 
laser (DualisSPII, Fotona, Slovenia). All vessels treated 
in this study varied between less than 1 mm and 1 to 2 
mm in size. The depth of vessel location was 
determined by the color changing from red to purple 
to blue.  

 
Table 1: Patients by skin type 

 

 

 

 

33 

ROSACEA TELANGIECTATICA



59

V
a
sc

u
la

r 
le

si
o

n
s

Three months after the last executed session 13 patients 

achieved excellent clearance, 8 good and 2 moderate.

Rosacea telangiectatica on the patient of skin type II before and 3 months after the treatment.

Excellent clearance of Erythematotelangiectatic type rosacea.
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Use of Long Pulse Nd:YAG 1064nm Laser for Treatment of Rosacea Telangiectatica 
 

All patients showed marked improvement of 
telangiectasia appearance at the end of study. Side 
effects were seen in 3 (13%) cases with Fitzpatrick 
skin type II and concomitant previously marked area 
of melasma. There was one case (4%) of prolonged 
erythema which spontaneously resolved in 2 weeks. 
There were no severe side effects like 
hypopigmentation or  scar formation. 

 

 

 

 

 

 

 

 

 
 

Fig. 3: Most of the patients evaluated the pain level as 
“unpleasant” and tolerated the treatment  procedure well. 

 

In VAS pain evaluation results, 20 (87%) patients 
complained about moderate pain (unpleasant - level 4 
on 10-point VAS) while 3 (13%) patients reported 
stronger pain (medium strong – level 6 on 10-point 
VAS).  

 
IV. DISCUSSION 

Flushing, with persistent central facial erythema in 
erythematotelangiectatic rosacea, is probably the most 
common presentation of rosacea. Although it has been 
suggested that rosacea is essentially a cutaneous 
vascular disorder, facial flushing is not always a 
feature.[1] Rosacea telangiectatica is a common skin 
condition, but the currently available treatments are 
not satisfactory. [3] 

According to theory of selective photothermolysis 
the combination of the laser light properties, the 
energy levels and exposure duration must be 
optimized to achieve desirable clinical results. [4] The 
Baumer study found that smaller spot sizes with 
moderate fluences (100–400 J/cm2) and longer pulse 
durations (10–100 ms) were most effective and most 
tolerable to patients. Finding a solution for small 
vessels up to 1.5 mm in depth with light red, purple or 
blue and violet color has been a longstanding 
challenge. Nd:YAG lasers have a great depth of 
penetration, low absorption in melanin and relatively 
good absorption in oxyhemoglobin[5]. Black and 

Barton showed that the laser photothermal 
coagulation of blood in vitro is a complicated process 
involving time and temperature dependent changes in 
both optical and structural properties [5]. Mordon 
wrote that met-Hb should account for observations in 
the treatment of lower-extremity telangiectases using 
Nd:YAG lasers at 1064 nm [6]. Recent results treating 
PWS with highly penetrating 1064 nm laser light have 
indicated that full-thickness burns can occur even with 
careful selection of laser parameters [11]. One possible 
explanation for this is the abrupt increase in 
absorption at 1064 nm resulting from the met-Hb 
conversion. Black and Barton gave evidence of an Hb 
absorption spectrum shift, red blood cells shape 
changes and coagulation on both molecular and 
macroscopic scales. Heat generation is due to 
absorption of laser light which denatures the protein 
by thermal effects. The weak interactions of protein 
are affected by heat. There are experimental data 
about decrease of absorption intensity of red blood 
cells after 70 seconds of Nd:YAG 1064 nm, laser 
irradiation, because of protein denaturation [5]. 
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Blood vessels with a 0.1 mm diameter have a 
thermal relaxation time (TRT) of about 5 msec, while 
a 0.3 mm vessel has a 40 msec TRT, and increasing 
the diameter to 1 mm brings its TRT up to 500 msec. 
[4,6,9]. Generally higher fluences and shorter pulse 
durations were required to blanch smaller and redder 
vessels 

 

Fig. 4: Rosacea telangiectatica on the patient of skin type II 
before and 3 months after the treatment 

 

Air cooling associated with telangiectasia treatment 
provides bulk cooling of the treated area. When held 
in one position cool air rapidly cools the tissue to 
temperature very close to 0 Celsius degree.[7] That 
means that tissue is cooled considerably to some depth 
which provides significant anesthesia level and 
reduction of possible side effects. Superficial vessels 
are protected with cold air cooling but low superficial 
temperatures – through vasospasm - could also 
produce a certain degree of slight post treatment 
edema and erythema. 
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 Use of Long Pulse Nd:YAG 1064nm Laser for Treatment of Rosacea Telangiectatica 
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Longer follow-up (a year to several years) would be 
needed to determine the long-term efficacy of our 
clinical protocol. We believe that even in cases of 
rosacea relapse this treatment could be easily repeated 
and used also as long term maintenance therapy for 
erythematotelangiectatic type rosacea. 

Side effects were minimal and included three cases 
of post-inflammatory hyperpigmentation in patients 
which were very prone to hypermelanosis due to 
pre-treatment melasma appearance. Subjects described 
discomfort as moderate. Pain sensation resolved 
immediately after the laser energy was deactivated. In 
this study, pulse duration was between 10 and 15 ms, 
but the small 2 mm spot size allowed the more 
efficient use of higher fluences up to 210 J/cm2. 
Improvement usually occurred before the sixth week 
post treatment. These results were seen in the 
treatment of violet, blue/red and red facial 
telangiectases. Use of an Nd:YAG laser, such as the 
one used in this study, allowed for great variations in 
the chosen fluence and pulse duration. We are able to 
adjust parameters for individual needs according 
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Fig. 5: E

 

This NdYAG laser treatment is more acceptable 
than pulsed dye laser treatment because of lack of 
after treatment purpura. Patients can resume normal 
activities immediately without necessarily using any 
camouflage techniques. There is no need for pre-
operative topical anesthesia, nor is there a need for any 
specific postoperative treatment beside

 
The intent of this Laser and Health Academy publication is to facilitate an exchange 
of information on the views, research results, and clinical experiences within the 
medical laser community. The contents of this publication are the sole responsibility 
of the authors and may not in any circumstances be regarded as official product 
information by the medical equipment manufacturers. When in doubt please check 
with the manufacturers whether a specific product or application has been approved 
or cleared to be marketed and sold in your country. 

 

 

 

CONCLUSIONS 

The long pulse 1064 nm Nd:YAG laser can be 
effectively and safely used for the treatment of red, 
purple and violet small telangiectatic blood vessels less 
than 1 mm and up to 2 mm in diam
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Superior Clearance of Facial Ephelides 
with 532 nm Q-Switched Nd:YAG Laser 
Compared to Tranexamic Acid

COMPARING QS ND:YAG LASER AND TRANEXAMIC ACID FOR EPHELIDES

This study aimed to compare the efficacy and safety of 532 nm Q-switched 

Nd:YAG laser versus intradermal tranexamic acid (TXA) injections for the 

treatment of facial ephelides (freckles). The objective was to determine which 

modality provides superior pigment clearance and overall clinical improvement.

SPLIT-FACE RANDOMIZED COMPARATIVE STUDY DESIGN

A randomized split-face clinical trial included 30 female patients with bilateral 

facial ephelides. One side of the face was treated with intradermal TXA injections, 

while the other side received 532 nm Q-switched Nd:YAG laser using the QX MAX 

system (Fotona, Slovenia). TXA was administered every 2 weeks for 2 months, 

while the laser was delivered in one or two sessions depending on response. 

Outcomes included pigmentation severity index (PSI), melanin index (MI), 

erythema index (EI), blinded investigator assessment, patient satisfaction, and 

safety evaluation.

SUPERIOR PIGMENT REDUCTION WITH QS ND:YAG LASER

The Q-switched Nd:YAG laser demonstrated significantly greater improvement 

compared to TXA injections. Pigmentation severity (PSI) decreased by 

approximately 66.5% after treatment and 69.4% at follow-up on the laser-treated 

side, compared to 15.4% and 26.1% on the TXA side. Melanin index reduction was 

also significantly greater with laser treatment. Blinded evaluators and patient 

satisfaction scores consistently favored the laser-treated side. TXA showed 

modest depigmenting effects, primarily improving overall skin tone rather than 

removing ephelides.

LASER AS MORE EFFECTIVE OPTION WITH MANAGEABLE RISKS

Q-switched 532 nm Nd:YAG laser is a more effective treatment for facial ephelides 

compared to intradermal TXA injections, providing superior pigment clearance 

and higher patient satisfaction. TXA may play a complementary role in improving 

skin tone and treating cases with post-laser hyperpigmentation. Both treatments 

were generally well tolerated, and adherence to sun protection is essential to 

maintain results and prevent recurrence.

Authors: Sayed K.S., Tuqan S., 
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FACIAL EPHELIDES (KTP)

Lasers in Surgery and Medicine 53:324–332 (2021)

Q‐Switched Nd:YAG (532 nm) Laser Versus Intra‐Dermal
Tranexamic Acid for Treatment of Facial Ephelides: A Split
Face, Randomized, Comparative Trial
Khadiga S. Sayed, * Samar Tuqan, and Rana F. Hilal
Department of Dermatology, Faculty of Medicine, Cairo University, Cairo, Egypt

Background and Objectives: To compare the efficacy
and safety of intradermal injection of tranexamic acid
(TXA) versus Q switched (QS) KTP (532 nm) in the
treatment of facial ephelides.
Study Design/Materials and Methods: A randomized
comparative split‐face study included a total of 30 female
patients with bilateral facial ephelides. One cheek was
treated by intra‐dermal TXA injections and the other was
treated by QS‐KTP (532 nm). Patient assessment was
performed by photography, pigmentation area, severity
index and spectrophotometry at baseline, 1 week after
treatment, and 2 months after treatment.
Results: A significant difference was found between both
sides regarding the percentage change of pigmentation
area, severity score (PSI) and melanin index (MI) after
treatment and during follow up, favoring laser (P= 0.001).
PSI decreased after treatment by 66.5% and 15.4% (laser
and TXA sides respectively), further decrease after follow‐
up was 69.4% with laser and 26.1% with TXA. MI im-
proved by 3.7% after KTP laser to 7.7% after follow‐up
and by 2.4% after TXA injections to 6.5% after follow‐up.
Four patients developed post‐inflammatory hyper-
pigmentation following QS‐KTP.
Conclusion: QS‐KTP laser is superior to intradermal
TXA injection in the treatment of facial ephelides. Lasers
Surg. Med. © 2020 Wiley Periodicals LLC

Key words: ephelides; freckles; Q switched; laser; tra-
nexamic acid

INTRODUCTION

Ephelides are benign pigmented lesions that present as
hyperpigmented light to dark brown round macules with
a predilection for the face, particularly the cheeks [1].
They appear on sun‐exposed and non‐exposed sites [2,3]
and affect all types of skin tones [1,4]. Ephelides are
commonly a cosmetic concern in many clinical scenarios.
Current treatment modalities include topical bleaching
creams, chemical peeling, and laser treatment [5].
The frequency‐doubled Nd:YAG laser system is useful

in the clearance of solar lentigines and ephelides [6,7]. At
a wavelength of 532 nm, superficial epidermal melanin is
effectively destroyed [8]. Post‐inflammatory hyper-
pigmentation (PIH) is a side effect causing major concern

for patients who undergo laser treatment for their ephe-
lides, particularly those who have darker skin types, with
a reported risk of 10–47% in different studies [9–11].

Tranexamic acid (TXA) acts as an anti‐fibrinolytic agent
that inhibits plasminogen activator (PA) by reversibly
blocking the synthetic derivative of the lysine binding sites
on plasminogen molecules; thus, the plasminogen in the
basal keratinocytes cannot be converted to plasmin [12,13].
This ultimately results in less free arachidonic acids and a
decreased ability to produce prostaglandins (PGs), causing
diminished melanocyte tyrosinase activity [14]. TXA can
reduce Ultraviolet rays‐induced melanogenesis and inhibit
inflammatory mediators [12,15‐17], providing a promising
treatment for ephelides.

In an attempt to find better options for this challenge,
this clinical trial was formulated aiming at clinically
evaluating the efficacy and safety of 532 nm QS‐KTP laser
versus intradermal injection of TXA in cases of ephelides.

METHODS

The current study was designed as a split face controlled
trial that was conducted on 30 female patients with bilateral
symmetrical ephelides. Patients were recruited from the
Dermatology Outpatient clinic over the period from May
2018 till May 2019. The approval of the Dermatology Re-
search Ethical Committee (REC) was obtained as well as
written informed consent from the patients before the study.

Female patients, aged 18 years or above were enrolled
in the current study. Patients who were pregnant, re-
ceiving isotretinoin 6 months before the study, had a
chemical peel two before the study, with active herpetic
lesions or any active skin disease were excluded from the
study. In addition, patients with a history of photo-
sensitive skin conditions such as systemic lupus eryth-
ematous, history of delayed wound healing, keloid

© 2020 Wiley Periodicals LLC
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Effective and Safe Solar Lentigo 
Treatment with Frequency-
Doubled Nd:YAG (532 nm) Laser – 
Our Experiences. 

Case report: StarWalker VERDE for 
treatment of ephelides and lentigo. 

The treatment of infantile giant 
café au lait spot using golden 
parameter therapy with a high 
fluence 1064-nm Q-switched Nd: 
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High-fluence 1064-nm Q-switched 
Nd:YAG laser: Safe and effective 
treatment of café-au-lait macules 
in Asian patients.
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Comparable Efficacy with Improved 
Tolerability: Low-Fluence Nd:YAG Laser 
for Melasma

EVALUATING LOW-FLUENCE ND:YAG LASER FOR MELASMA

This study aimed to compare the efficacy and safety of different low-fluence 

1064 nm Q-switched Nd:YAG laser protocols for the treatment of melasma. The 

objective was to compare treatment parameters that achieve pigment reduction 

while minimizing adverse effects, and to assess the role of dermoscopy in 

monitoring treatment response.

SPLIT-FACE COMPARATIVE STUDY DESIGN

A split-face randomized clinical study included 38 women with bilateral melasma. 

Treatments were performed using the QX MAX system (Fotona, Slovenia). One 

side of the face was treated with 3 J/cm2 using two passes, while the other side 

received 1.5 J/cm2 using four passes. Patients underwent six sessions at two-

week intervals, with follow-up one month after the final treatment. Outcomes 

included melasma severity index (MSI), melanin index (MI), erythema index (EI), 

dermoscopic evaluation, pain scores, and safety assessment.

SIMILAR EFFICACY WITH DIFFERENT SAFETY AND TOLERABILITY 

PROFILES

Both treatment protocols resulted in significant improvement in melasma 

severity, with reductions in MSI, MI, and EI scores and no statistically significant 

difference between the two approaches. Dermoscopic analysis showed a 

decrease in superficial pigmentation patterns, while deeper perifollicular 

pigmentation became more visible. However, the higher fluence protocol (3 J/

cm2) was associated with significantly greater pain and longer-lasting erythema, 

whereas the lower fluence protocol (1.5 J/cm2) was better tolerated by patients.

LOW-FLUENCE APPROACH AS A PREFERRED TREATMENT STRATEGY

Low-fluence Q-switched Nd:YAG laser is an effective treatment for melasma, 

producing meaningful improvement without complete clearance. While both 

protocols are clinically effective, lower fluence with more passes offers a better 

safety and comfort profile, making it a preferred approach. Strict photoprotection 

is essential to prevent recurrence. 

Authors: Bosseila M., Ghonim N., 

Mostafa P.
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Introduction

Low fluence Q-switched Nd:YAG laser at fluences of
2.5∼4.5 J/cm2 has gained attention in treatment of melasma
[1, 2], as it penetrates deeper and delivers subthreshold energy
targeting melanin particles within keratinocytes and dermal
melanophages [3]. This led to good results but with occur-
rence of some adverse events such as mild linear depigmen-
tation [4] or mottled hypopigmentation [5]. Using lower
fluences as 0.8 to 1.6 J/cm2 [6] or less number of passes [7]
can avoid complications in melasma laser toning. Melasma
can be assessed by dermoscopy, permitting the observation
of its pigment and vascular components [8]. However; its
use for follow-up of treatment has not been well established.

Aim of work

This study aims at comparing different fluences of Q-switched
Nd:YAG (Qs Nd:YAG) laser that can induce an effective
response with best safety for melasma patients. Evaluating
the role of dermoscopy in assessing the therapeutic response
in cases of melasma is a further objective.

Patients and methods

Patients Thirty-eight patients with bilateral melasma were en-
rolled in the study. Exclusion criteria were patients with
known photosensitivity, pregnant females, on hormonal

therapy, or using topical depigmenting creams. Each partici-
pant provided a written informed consent for inclusion in the
study and photography. The study was approved by the
Dermatology Research Ethical Committee (Derma REC),
and standards of research ethics according to the Declaration
of Helsinki were adopted.

Method This is a split-face randomized comparative study.

Q-switched Nd:YAG laser (1064 nm) treatment
protocol

Patients applied topical anesthesia cream for 45 min prior to
the procedure. Qs Nd:YAG laser 1064 nm (Fotona’s QX
MAX®) was used with spot size 6 mm at 4.5 Hz on both sides
of face at biweekly intervals. According to randomization ta-
ble, one side of the face was treated by fluence 3 J/cm2 for 2
passes (identified as side A) and the other side treated by 1.5 J/
cm2 for 4 passes (identified as side B). In-between sessions
and at the 1-month follow-up period, patients were instructed
to use sunscreens with SPF 50+ regularly. All patients
underwent six sessions performed 2 weeks apart (weeks 0,
2, 4, 6, 8, 10) and then follow-up 1 month after the last session
(week 14). Patients were photographed using Nikon Coolpix
L100 camera.

Patients’ Melasma assessment

Prior to start of treatment patients’ assessment for both sides
was performed, repeated at week 10 and at week 14 by the
following:

Simplified melasma severity index (MSI) scoring = (a-
× p2), where a = area of involvement and p = severity of
pigmentation [9].
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Dual-Mode 1064 nm Nd:YAG Laser for 
Melasma: Improved Short-Term Outcomes 
and Reduced Relapse

EVALUATING DUAL-MODE ND:YAG LASER FOR MELASMA

This study aimed to evaluate the efficacy and safety of a dual-mode 1064 

nm Q-switched Nd:YAG laser approach combining low-fluence (LFQS) and 

microsecond pulse width (MPW) modes for melasma treatment. The objective 

was to determine whether targeting both pigmentation and vascular components 

improves clinical outcomes and reduces relapse compared to standard LFQS 

monotherapy.

PROSPECTIVE SPLIT-FACE CLINICAL TRIAL DESIGN

A prospective, evaluator-blinded split-face study included 28 patients, with 21 

completing full follow-up. Treatments were performed using the Fotona QX 

MAX system (Fotona, Slovenia). One side of the face received LFQS alone, while 

the other side received combined LFQS + MPW treatment. Patients underwent 

5–10 sessions at monthly intervals, with follow-up at 1, 3, 6, and 12 months. 

Outcomes included Melasma Area and Severity Index (MASI), melanin index (MI), 

VISIA imaging analysis (pigmentation and red area indices), patient-reported 

outcomes, relapse rates, and safety assessment.

IMPROVED SHORT-TERM OUTCOMES AND REDUCED RELAPSE WITH DUAL-

MODE THERAPY

Both treatment approaches resulted in significant short-term improvements, 

with MASI and melanin index decreasing at early follow-ups. However, the 

combination therapy demonstrated superior outcomes, including greater 

reduction in melanin index and improved control of erythema, as confirmed by 

VISIA analysis. Importantly, relapse rates at 3 months were significantly lower on 

the combination-treated side (4.8%) compared to LFQS alone (23.8%). Although 

relapse increased over time, the combination therapy consistently showed better 

maintenance of results and slower pigment recurrence.

SAFE, MULTI-TARGET APPROACH WITH ENHANCED CLINICAL BENEFIT

The combination of LFQS and MPW 1064 nm Nd:YAG laser provides a safe 

and effective treatment for melasma by addressing both pigment and vascular 

components of the disease. The dual-mode approach enhances efficacy and 

reduces short-term relapse without increasing adverse effects, offering a valuable 

non-invasive alternative for patients seeking laser-based treatment.

Authors: Wu X., Cen Q., Lin X., 
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Novel melasma therapy using 
combined low fluence and 
microsecond pulse Q switched 
1064 nm neodymium doped 
yttrium aluminium garnet laser
Xianglei Wu1,4, Qingqing Cen2,4, Xiaoxi Lin1,3,4, Ying Shang1, Xue Wang2,4 & Zhen Zhang1,2,4

Low-fluence Q-switched (LFQS) 1064-nm Nd: YAG laser treatment has become a standard approach for 
managing melasma. This study aimed to evaluate the efficacy and safety of a dual-mode approach—
LFQS combined with microsecond pulse width (MPW) mode—for treating melasma. In this prospective, 
single-center, evaluator-blinded, split-face clinical trial, 28 patients with melasma were enrolled. One 
half of each face was treated using LFQS alone, whereas the other half received LFQS + MPW. Follow-
ups were conducted at 1, 3, 6, and 12 months post-treatment. Of the 28 patients, 21 completed all 
treatments and follow-ups (5–10 sessions in total). Compared with baseline, the average Melasma Area 
and Severity Index score significantly decreased at 1 and 3 months. However, no significant change 
was observed at 6 and 12 months. The melanin index (MI) decreased significantly on both sides at 1 
and 6 months, with the treatment side maintaining a significantly lower MI at 12 months. Although MI 
increased at 6 and 12 months, the increase was significantly less on the treatment side compared with 
the control side. VISIA analysis showed a significant bilateral reduction in facial pigmentation index at 
1, 6, and 12 months, although the difference between sides was not statistically significant. However, 
the treatment side showed a significantly greater reduction in red area index at 1 and 6 months. No 
treatment-related adverse events were reported. The combination of low-fluence and MPW modes 
of Q-switched 1064-nm Nd: YAG laser is a safe and effective treatment for melasma. This dual-mode 
approach may help reduce relapse rates within 3 months after treatment discontinuation.

Keywords Melasma, Laser, Q-switched laser, Pigmentation, Relapse

Melasma is an acquired pigmentary disorder with a prevalence ranging from 8.8 to 40% across different ethnic 
groups, with particularly high rates observed in Asian populations1. As a common dermatological condition, 
melasma not only affects physical appearance but also contributes to psychological distress and can negatively 
impact work and social interactions. Despite its prevalence, the precise pathogenesis of melasma remains 
incompletely understood. Current evidence suggests several contributing mechanisms, including the biological 
activation of melanocytes, accumulation of melanin and melanosomes in the epidermis and dermis, increased 
mast cell numbers, photo-induced elastic fiber damage, alterations in the basement membrane, and enhanced 
vascularization2–7. First-line treatments for melasma typically include topical agents such as hydroquinone, 
chemical peels, and oral medications like tranexamic acid. However, these therapies often exhibit variable 
efficacy among individuals and are associated with high relapse rates8.

In recent years, various energy-based devices—including lasers, intense pulsed light, and radiofrequency 
devices—have been increasingly applied in the treatment of melasma, demonstrating both safety and efficacy. 
Among these, laser therapy, a relatively novel approach, operates on the principle of selective photothermolysis. It 
targets and fragments pigment particles within melanocytes with minimal damage to surrounding normal tissues, 
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Surgery, Shanghai Ninth People’s Hospital, Shanghai Jiaotong University School of Medicine, Shanghai, China. 
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Fig. 2. Typical relapse case showing bilateral differences. Female, 35 years old, with a 5-year history of 
melasma. (A–D) Show the left side treated with LFQS mode (8 mm, 1.5–1.6 J/cm2); (E–H) show the right side 
treated with LFQS (8 mm, 1.5–1.6 J/cm2) + MPW mode (8 mm, 10 J/cm2). At baseline, the MASI score was 
12, and the MI score was 30 on both sides. After eight treatment sessions and at the 1-month follow-up, the 
GAIS score was 2 (much improved), with better outcomes observed on the LFQS + MPW side. At the 6-month 
follow-up, the GAIS score was 3, indicating moderate improvement, with evidence of relapse on the LFQS side 
(MASI: 7.2; MI: 24 on both sides). By 12 months post-treatment, the GAIS score remained at 3, with bilateral 
relapse observed, more pronounced on the LFQS side. At this time, the MASI score was 9.9, and the MI score 
was 26 on both sides.

 

1 month 3 months 6 months 12 months

GAIS score*

1 3 3 3 2

2 14 14 11 9

3 4 4 7 10

≥ 4 0 0 0 0

Patient self-assessment of bilateral appearance differences (n = 21)
LFQS + MPW > LFQS 4 5 7 3

LFQS + MPW = LFQS 17 16 14 18

LFQS + MPW < LFQS 0 0 0 0

Relapse (sides, n = 42)
LFQS + MPW (n = 21) 0 1 (4.8%) 5 (23.8%) 11 (52.4%)

LFQS (n = 21) 0 5 (23.8%) 6 (28.6%) 12 (57.1%)

p = 0.047* p = 0.63 p = 0.66

Chi-squared test

Table 1. Patient follow-up data at different time points after the last treatment. *GAIS scoring criteria: 
1 = ≥ 75% improvement (very significant), 2 = 50–75% improvement (significant), 3 = 25–50% improvement 
(moderate), 4 = < 25% improvement (mild), 5 = no improvement.
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Patient follow-up data at different time points after the last treatment. *GAIS scoring criteria: 1 = ≥ 75% improvement (very 

significant), 2 = 50–75% improvement (significant), 3 = 25–50% improvement (moderate), 4 = < 25% improvement (mild), 5 = no 

improvement.

Average MASI and MI scores at different follow-up time points. (A) The average MASI score showed a significant reduction at 1 and 

3 months post-treatment compared with baseline (p = 0.043). (B) The bilateral MI score showed a significant decrease at 1 and 6 

months post-treatment, and the treatment side maintained a significantly lower MI score at 12 months (p < 0.05).

Female, 42 years old, with a 4-year history of melasma. 

(G–I) show baseline images; (J–L) show the 1-month 

follow-up after seven treatment sessions. The left side 

was treated with LFQS mode (8 mm, 1.4–1.6 J/cm2) and 

the right side with LFQS (8 mm, 1.4–1.6 J/cm2) + MPW 

mode (8 mm, 10 J/cm2). The GAIS score was 1 (very 

much improved), indicating better efficacy on the right 

(combination) side. The MASI score decreased from 

15.6 to 7.5. The melanin index decreased from 34 to 

28 on the LFQS side and from 36 to 26 on the LFQS + 

MPW side.

Fig. 5. Average MASI and MI scores at different follow-up time points. (A) The average MASI score showed 
a significant reduction at 1 and 3 months post-treatment compared with baseline (p = 0.043). (B) The bilateral 
MI score showed a significant decrease at 1 and 6 months post-treatment, and the treatment side maintained a 
significantly lower MI score at 12 months (p < 0.05).

 

Fig. 4. Facial pigmentation and red area indices before and after treatment based on VISIA analysis. (A,B) The 
bilateral facial pigmentation index significantly improved at 1, 6, and 12 months after treatment compared with 
baseline (p < 0.001). (C,D) The treatment side showed a significant reduction in the red area index at 1 and 6 
months post-treatment (p < 0.001), with values significantly better than those on the control side at 1 month 
(p < 0.0001) and 6 months (p = 0.0014).
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Fig. 1. Clinical photographs of representative patients. (A–C) show baseline images; (D–F) show the 1-month 
follow-up after six treatment sessions. The left side was treated with LFQS mode (8 mm, 1.5–1.6 J/cm2) and the 
right side with LFQS (8 mm, 1.5–1.6 J/cm2) + MPW mode (8 mm, 10 J/cm2). The GAIS score was 1 (very much 
improved), with no apparent difference in efficacy between the two sides. The MASI score decreased from 9.0 
to 3.6, and the melanin index on both sides decreased from 30 to 24. (G–L) Female, 42 years old, with a 4-year 
history of melasma. (G–I) show baseline images; (J–L) show the 1-month follow-up after seven treatment 
sessions. The left side was treated with LFQS mode (8 mm, 1.4–1.6 J/cm2) and the right side with LFQS (8 mm, 
1.4–1.6 J/cm2) + MPW mode (8 mm, 10 J/cm2). The GAIS score was 1 (very much improved), indicating 
better efficacy on the right (combination) side. The MASI score decreased from 15.6 to 7.5. The melanin index 
decreased from 34 to 28 on the LFQS side and from 36 to 26 on the LFQS + MPW side.
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Reducing Treatment Sessions in Tattoo 
Removal with Combined FracTAT® 
method and Multipass Delivery

EVALUATING A COMBINED Q-S LASER STRATEGY FOR TATTOO REMOVAL

This study aimed to evaluate the safety and efficacy of a combined Q-switched 

(Q-S) laser approach using photo-acoustic fractional micro-drilling followed by 

multipass full-beam laser treatment for tattoo removal. The objective was to 

improve pigment clearance efficiency while reducing the number of treatment 

sessions required compared to conventional single-pass techniques.

CASE SERIES USING FRACTIONAL MICRO-DRILLING AND MULTIPASS LASER

A case series included 10 patients with 13 tattoos, treated using the StarWalker® 

MaQX laser system (Fotona, Slovenia). The protocol consisted of an initial 

fractional Q-S 1064 nm micro-drilling pass, followed by two full-beam Q-S 1064 

nm passes spaced 5 minutes apart, with additional 532 nm passes when needed 

for red pigments. Treatments were performed at 2–3 month intervals until 

clearance. Outcomes included photographic assessment of pigment clearance, 

side effects, pain scores, and patient satisfaction.

HIGH PIGMENT CLEARANCE WITH FEWER TREATMENT SESSIONS

The combined technique achieved an average pigment clearance of approximately 

97% after a mean of 4.85 sessions, representing about 40% fewer sessions 

compared to traditional single-pass Q-S laser estimates. The micro-drilling step 

enabled deeper pigment removal and improved laser penetration by releasing 

gas bubbles that typically limit multipass efficiency. Side effects were minimal, 

with low rates of transient erythema and pigmentary changes, and overall patient 

satisfaction was very high.

EFFICIENT AND SAFE SINGLE-SYSTEM TATTOO REMOVAL APPROACH

The combination of FracTAT® and multipass full-beam laser treatment appears to 

be a safe and highly efficient approach for tattoo removal. The ability to perform 

all treatment steps using a single laser system enhances practicality and reduces 

procedural complexity. Additionally, tissue remodelling effects may improve skin 

texture after treatment. 

Authors: Marini L., Marini S., 

Cutlan J., Hreljac I.

-

Published in: Lasers in Medical 
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Abstract
The purpose of this study was to evaluate the safety and efficacy of a new combined method of Q-S laser-assisted tattoo 
removal. Ten patients with 13 professional, mostly mono-chromatic black tattoos were recruited. All tattoos received the 
same Q-S laser treatment sequence. An objective evaluation of tattoo clearing was assessed by careful analysis of a stand-
ardized collection of digital images taken from each tattoo, 2 months after each laser session, with the help of a custom-
made pigment-fading percentage photographic ruler. The percentages of pigment clearance and side effects were evaluated 
by 4 independent dermatologists. Patient satisfaction and perceived discomfort during and post-procedure were evaluated 
according to specific scales. Clinical evaluators confirmed an average photographic pigment clearance of 97% after a median 
4.85 treatment sessions. The Frac-Tat® method required 40% fewer sessions compared to those calculated by Kirby-Desai 
estimates. Photographic assessment of laser-exposed skin quality performed 2 months after tattoo clearing was considered 
almost comparable with untreated peripheral skin, confirming a very low side effect score. The Frac-Tat QS laser-assisted 
tattoo removal sequence used in our study showed a high degree of safety and efficiency, clearing exogenous pigments in 
a relatively few number of sessions. Preliminary ablative photo-acoustic fractional 1064-nm Q-S laser micro-drilling was 
considered an essential step in optimizing tattoo removal, increasing wavelength-independent micro-columnar clearing 
of deeper dermal exogenous pigments. Our preliminary observations also confirmed a significant improvement of tattoo 
procedure-induced micro-textural changes thanks to a tissue remodeling effect induced by the 1064-nm Q-S fractional laser 
photo-acoustic ablation.

Keywords Tattoo · Q-S laser · Ablative fractional laser · Combination treatment

Introduction

Tattoos have been well established visual expression means 
of communication used by single or groups of individuals 
since ancient times [1, 2]. Skin tattoos are on the rise in 
modern societies with a parallel increase in tattoo removal 
requests [3]. The significant rise in tattoo removal proce-
dures was undisputedly triggered by the advent of modern 
pigment-specific Q-switched (Q-S) laser technologies. Their 
ultrashort nanosecond (ns) or picosecond (ps) pulses are 
able to selectively interact with intradermal pigment parti-
cles in full accordance with the universally accepted selec-
tive photo-thermolysis theory leading to a super-confined 
photo-thermal-photo-acoustic destruction of wavelength-
specific absorbing pigments with minimal tissue collateral 
damage [4, 5]. Due to these highly specific effects, tissue 
recovery is relatively short and possible complications and 
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Example of a split-tattoo treatment performed prior to this study. Preliminary micro-drilling performed with a 2940-nm Er:YAG laser 

in ablative fractional mode immediately before two 1064-nm Nd:YAG full beam laser passes spaced 20-min apart on the left half of 

tattoo. Two 1064-nm Q-S full beam passes spaced 20-min apart on the right side. A Pre-treatment virgin tattoo; B After 2 passes of 

Q-S 1064-nm Nd:YAG laser, left side pre-treated by 2940-nm Er:YAG laser ablative fractional micro-drilling mode; right half treated 

by two full beam Q-S 1064-nm Nd:YAG laser passes only — note the difference between sub-epidermal gas retaining skin properties 

after preliminary ablative laser micro-drilling (left) and without micro-drilling (right); C 4 months after 2 treatments — left half 

showing markedly better clearance. Complete clearance was achieved after 5 sessions using the FracTAT® technique on both sides.

Parameters evaluated from 13 tattoos participating to this case series. Kirby-Desai estimates were done prior to treatment. Pigment 

clearing percentages were estimated by 4 independent dermatologists who were also responsible for the evaluation of side 

effects. Both values for each patient are presented as a median (range) of those taken by all the evaluators. Pain scores and overall 

treatment satisfaction were estimated by each patient at the end of each treatment session and once the final clearing results were 

obtained.

1 3

side effects extremely reduced when laser parameters are 
properly selected [6].

Modern Q-S laser resonators are therefore able to pro-
duce micro-concentrations of extremely high peak-power 
energies confined within ultra-short amounts of time [7–9]. 
Exposed tissues respond with a unique photo-acoustic reac-
tion associated with plasma formation when wavelength-
specific absorbing chromophores are targeted resulting is 
their ultra-structural fragmentation and partial loss of their 
wave-specific light absorption properties. A typical immedi-
ate short-lived Q-S laser tattoo removal side effect consists 
of a superficial whitish discoloration described as “pop-
corn” effect. It consists of sub-epidermal gas bubbles gen-
erated when plasma is produced within pigment-containing 
cells. These bubbles usually last 20 min, acting as a tempo-
rary “optical shield” preventing further laser light penetra-
tion when multi-pass strategies are selected. Original Q-S 
laser-assisted tattoo removal procedures consisted mostly 
of single laser pass-per-session (PPS) approaches requiring 
a relatively high number of sessions to obtain optimal pig-
ment clearing. Independently from Q-S laser-assisted tattoo 
removal strategies, inter-session intervals vary according 
to the anatomical location of exogenous pigments, rang-
ing from a minimum of 2 months for the upper body to a 
maximum of three/four for lower limbs. Single laser PPS 
strategies are therefore long and costly for patients. To try 
to overcome this problem, Kosida and colleagues proposed 
the so-called R-20 method consisting in four sequential Q-S 
laser passes, spaced 20-min apart, during the same laser 
session. They stated their method was able to significantly 
reduce the total number of sessions producing better clini-
cal results when compared to single laser PPS techniques 
[10]. These authors undisputedly paved the way for other 
multi-layer laser-assisted tattoo removal strategies, even if 
their method did not come without disadvantages. Treatment 

sessions were extremely long, considering a minimum of 1-h 
(20 min × 3) waiting time to be added to the amount of time 
necessary to perform four full-beam laser passes. Larger tat-
toos required even more than 2 h per session, putting laser 
operators and patients under significant pressure. Topical 
perfluorodecalin (PFD) sheets have been subsequently intro-
duced to shorten inter-laser pass intervals, thanks to their 
capability of absorbing Q-S laser-induced sub-epidermal 
gasses. But even this solution did not come free of draw-
backs such as increased costs to be inevitably added to laser 
procedures [11, 12].

Micro-drilling of epidermal layers by fractional-mode 
2940-nm Er:YAG or  CO2 lasers performed prior to Q-S 
laser-assisted tattoo removal represents another interesting 
approach to quickly release Q-S laser-induced gasses trapped 
within sub-epidermal bubbles [13–15]. Besides providing 
an easy way to quickly eliminate intradermal gasses, this 
approach also contributes to partially eliminate intradermal 
pigments encountered along the vertical micro-columnar 
dermal perforations, irrespective of their depths and color. 
Minimal external elimination of tattoo pigments could also 
be possible during the first one to two post-treatment days 
when regular dressing changes are performed. Sequential 
combinations of ablative fractional 2940-nm Er:YAG laser 
and 2–3 passes of full-beam Q-S 1064-nm Nd:YAG laser 
have already proven to be quite effective in eliminating tat-
too pigments [8, 16] (see Fig. 1). As for the aforementioned 
multi-pass laser-assisted intradermal pigment removal 
techniques, even this innovative approach bears some dis-
advantages, the most relevant being the need to operate 
with two separate laser devices, a scenario not always avail-
able in most dermatological practices. With the advent of 
more powerful Q-S laser systems and sophisticated frac-
tional optics, the versatile 1064-nm Nd:YAG wavelength 
has been used to produce highly efficient micro-ablative 

Fig. 1  Example of a split-tattoo treatment performed prior to this 
study. Preliminary micro-drilling performed with a 2940-nm Er:YAG 
laser in ablative fractional mode immediately before two 1064-nm 
Nd:YAG full beam laser passes spaced 20-min apart on the left half 
of tattoo. Two 1064-nm Q-S full beam passes spaced 20-min apart on 
the right side. A Pre-treatment virgin tattoo; B after 2 passes of Q-S 
1064-nm Nd:YAG laser, left side pre-treated by 2940-nm Er:YAG 

laser ablative fractional micro-drilling mode; right half treated by two 
full beam Q-S 1064-nm Nd:YAG laser passes only — note the differ-
ence between sub-epidermal gas retaining skin properties after pre-
liminary ablative laser micro-drilling (left) and without micro-drilling 
(right); C 4 months after 2 treatments — left half showing markedly 
better clearance. Complete clearance was achieved after 5 sessions 
using the Frac-Tat technique on both sides
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micro-drilling generating micro-channels perpendicular to 
skin surface allows elimination of all pigment particles dis-
tributed along micro-columnar laser paths, irrespective of 
their colors and depths. Skin micro-perforation allows gas 
bubbles induced by full-beam 1064-nm Q-S laser passes 
interacting with dermal tattoo pigments to escape outside, 
significantly decreasing waiting time between laser passes 
when multiple PPS strategies are used [15]. Micro-struc-
tural skin improvements are possible when lasers are used in 
fractional ablative and non-ablative modes as widely dem-
onstrated in scar and skin aging treatments. Q-S 1064-nm 
micro-drilling seems to produce the same clinical effects.

One of the most significant advantages associated 
with the multi-pass laser-assisted tattoo removal strategy 
described in our study resides in the fact that all its sequen-
tial steps can be performed using a single high-powered Q-S 
laser system. The average number of sessions to obtain an 
almost complete pigment clearance was 4.85, with 4 ses-
sions needed to get a 90% or greater clearance, on average. 
The mean number of sessions compared to the classical 
single Q-S laser PPS protocol, as determined by the Kirby-
Desai score, was reduced by 40%. Besides that, scarring, 
erythema, and pigmentary changes showed to be minimal. 
Skin texture was significantly improved due to tissue remod-
eling effects induced by high energy 1064-nm Q-S fractional 
micro-drilling pass (Figs. 3, 4, 5, and 6).

In spite of these positive clinical achievements, it is 
always wise to remember that any laser procedure is not over 
when laser systems are switched off. All procedures require 

a specifically designed post-treatment skin care to obtain 
an optimal, fast healing. This laser method is no different. 
Without the suggested post-treatment dressing sequence, 
healing time and quality of tissue repair would have been 
quite different.

High-power, short-pulse Q-S nanosecond lasers have 
been proven to work almost equally well as picosecond Q-S 
lasers, even if these systems have gained quite a spectacular 
popularity in recent years [19]. In addition, most picosecond 
Q-S lasers available on the market to date are not able to pro-
duce high-enough energy outputs to produce the FracTat® 
micro-drilling effect described in our study.

Conclusions

Despite important advances in laser-assisted tattoo removal 
techniques over the past decade, no general agreement yet 
exists about what should be considered the safest and most 
effective approach. The combined approach described in 
this study demonstrated comparable results to previously 
described Q-S laser strategies in terms of final exogenous 
pigment fading, but with a greater efficiency in pigment 
removal, significantly decreasing the total number of ses-
sions required to obtain a good clinical result. The use of 
a latest-generation, high power Q-S laser system allowed 
an efficient photo-acoustic fractional ablation of skin lay-
ers as deep as reticular dermis when 1064-nm wavelength 
was selected. The sequential combination of preliminary 

Table 1  Parameters evaluated from 13 tattoos participating to this 
case series. Kirby-Desai estimates were done prior to treatment. Pig-
ment clearing percentages were estimated by 4 independent derma-
tologists who were also responsible for the evaluation of side effects. 

Both values for each patient are presented as a median (range) of 
those taken by all the evaluators. Pain scores and overall treatment 
satisfaction were estimated by each patient at the end of each treat-
ment session and once the final clearing results were obtained

Tattoo No Clearing estimate
4 evaluator median (range)

Side effect score
4 evaluator 
median (range)

No. of sessions to 
clearance

Kirby-Desai 
estimate

Pain during treat-
ment (0–10)

Patient 
satisfaction 
(1–5)

1 100% (90–100) 0.5 (0–1) 5 8 2 5
2 100% (100–100) 1 (1–1) 6 8 2 5
3 100% black (100–100)

50% green (20–70)
1 (1–2) 6 8 black

10 green
1 4

4 100% (90–100) 1.5 (0–2) 5 9 2 4
5 100% (90–100) 1.5 (1–2) 4 8 2 5
6 90% (80–90) 1 (1–2) 5 9 3 5
7 100% (100–100) 1 (0–1) 3 7 1 5
8 100% (100–100) 0 (0–0) 7 8 2 5
9 90% (80–90) 0 (0–1) 6 9 1 5
10 100% (100–100) 0 (0–0) 5 6 1 5
11 90% (90–90) 1 (1–2) 5 9 2 5
12 100% (90–100) 0 (0–0) 3 8 1 5
13 100% (100–100) 0 (0–0) 3 7 1 5
∑mean ± SD 97% ± 4 0.65 ± 0.54 4.85 ± 1.19 8 1.62 ± 0.6 4.85 ± 0.35
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Professional monochromatic black tattoo located on 

the upper chest of a 30-year-old female patient. 

A Before the laser procedure; B Immediately after 

1064-nm Q-S micro-drilling — pin-point capillary 

bleeding clearly visible; C Immediately after the 

first full beam Q-S 1064-nm laser pass — note the 

fragmented, whitish sub-epidermal discoloration 

representing the Q-S micro-drilling modified pop-corn 

effect; D Immediately after the second Q-S 1064-nm 

full-beam laser pass; E Clinical result 1 month after 

the first laser session; F Complete tattoo clearance 

after four laser sessions — a 100% pigment clearance 

score and side effect score of 1.5 were confirmed by all 

dermatologists asked to evaluate the case.

1 3

Fig. 3  Professional monochromatic black tattoo located on the upper 
chest of a 30-year-old female patient. A Before the laser procedure; B 
immediately after 1064-nm Q-S micro-drilling — pin-point capillary 
bleeding clearly visible; C immediately after the first full beam Q-S 
1064-nm laser pass — note the fragmented, whitish sub-epidermal 
discoloration representing the Q-S micro-drilling modified pop-corn 

effect; D immediately after the second Q-S 1064-nm full-beam laser 
pass; E clinical result 1 month after the first laser session; F complete 
tattoo clearance after four laser sessions — a 100% pigment clearance 
score and side effect score of 1.5 were confirmed by all dermatolo-
gists asked to evaluate the case

Fig. 4  Professional monochro-
matic black tattoo on the ante-
rior chest of a 29-year-old male 
patient. A Before treatment; B 
clinical result after seven laser 
sessions — 100% pigment 
clearance score and a side effect 
score 0 were agreed by all four 
dermatologists responsible for 
evaluating the case

1769Lasers in Medical Science (2022) 37:1763–1771
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Effective Tattoo Removal with 
Q-Switched Nd:YAG Laser: Clinical 
Outcomes and Treatment Predictability

EVALUATING Q-SWITCHED ND:YAG LASER FOR TATTOO REMOVAL

This study aimed to evaluate the efficacy and safety of Q-switched Nd:YAG 

laser for tattoo removal and to assess the accuracy of the Kirby-Desai scale 

in predicting the number of treatment sessions required. The objective was to 

confirm the effectiveness of laser-based tattoo removal and improve treatment 

planning and patient expectations.

CLINICAL STUDY USING MULTI-WAVELENGTH Q-S LASER

A clinical study included 10 patients with a total of 13 tattoos treated using the QX 

MAX Q-switched Nd:YAG laser system (Fotona, Slovenia). Multiple wavelengths 

were used depending on pigment color, including 1064 nm for dark pigments, 

532 nm for red and orange, 650 nm for green, and 585 nm for blue tones. 

Treatments were performed with nanosecond pulses over multiple sessions, and 

outcomes included tattoo clearance, number of treatments, patient satisfaction, 

side effects, and correlation with Kirby-Desai score predictions.

COMPLETE TATTOO REMOVAL WITH HIGH PATIENT SATISFACTION

All tattoos were successfully removed after multiple treatment sessions, with an 

average of approximately 6 sessions required. The correlation between predicted 

and actual number of treatments was strong (r = 0.74), indicating that the Kirby-

Desai scale is a useful tool for treatment planning. Patient satisfaction was high, 

with strong scores for treatment outcomes and number of sessions. Side effects 

were mild and transient, including erythema, edema, and occasional temporary 

hypopigmentation.

Q-SWITCHED LASER AS GOLD STANDARD WITH PREDICTABLE OUTCOMES

Q-switched Nd:YAG laser is a safe and effective gold-standard treatment for 

tattoo removal across different pigment types. Although multiple sessions are 

required, outcomes are predictable and can be reliably estimated using the Kirby-

Desai scale, helping to align patient expectations. The treatment demonstrates 

high efficacy with minimal adverse effects, supporting its continued use in clinical 

practice.
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ABSTRACT  

Laser therapy is the gold standard for tattoo removal. 
With laser removal, tattoo pigment particles can be 
selectively destroyed without harming the surrounding 
tissue by means of selective photothermolysis. This 
requires the correct choice of laser parameters, including 
wavelength, radiant exposure, and pulse duration of the 
applied laser. Q-switch Nd:YAG lasers are very effective in 
the treatment of tattoos; for effective and safe clearance, 
the laser system must be able to deliver nanosecond pulses 
with very high pulse energy and a uniform beam profile.  

In our study 10 patients requesting tattoo removal 
were treated using Fotona’s QX MAX Q-switch 
Nd:YAG laser, which offers four different wavelengths 
in a single system; 1064 nm Nd:YAG was used to treat 
and remove dark pigments, 532 nm KTP for red, 
purple and orange tattoo inks, 650 nm dye for green 
tattoo inks and 585 nm dye for sky-blue colored inks.  

Being aware that multiple treatments are needed for 
successful tattoo removal, we predicted the number of 
required treatments using Kirby-Desai scores and 
evaluated the efficacy of the prediction of the required 
number of sessions by comparing the Kirby-Desai 
score assessment with the real number of required 
sessions. We also propose a version of assessment 
method of tattoo removal efficacy after treatment with 
a visual decrement scale. Satisfactory tattoo removal of 
all tattoos was achieved. We were able to provide a 
good assessment of the number of treatments required 
to achieve complete tattoo removal, thus matching 
patient expectations and establishing realistic goals.  

In conclusion, our study showed that Q-switched 
lasers successfully remove tattoo ink, however, multiple 
treatments are required for satisfactory tattoo removal.  

Key words: tattoo removal, Q-switch laser, selective 
photothermolysis 
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I. INTRODUCTION 

Many examples of tattooing in ancient cultures 
have been found, the oldest of which dates back to the 
Bronze Age. Tattooing has been practiced for 
centuries in many cultures and spread throughout the 
world. Tattoos, or “stigmata” as they were called in 
ancient Greek and Roman times, functioned to 
identify criminals and slaves or those belonging to 
particular religious sects [1-2]. Since the 1970s, tattoos 
have become a mainstream part of Western fashion 
with current estimates of over 20 million to 30 million 
people in the western world having at least one tattoo. 
Some estimates show that approximately 10% of men 
in the US already have at least one tattoo [3, 4]. 

However patient surveys have shown that these 
tattoos are sometimes obtained impulsively, when 
patients were young, and it is no surprise that many 
have eventually come to regret their decision. These 
patients may report feelings of embarrassment, low self-
esteem, and stigmatization associated with their tattoos, 
and many will seek removal [2]. The various motivating 
reasons behind tattoo regret include social 
stigmatization, family pressure, a desire to improve 
career opportunities, and maturity-related factors. On 
average, tattoo removal is initiated after 14 years of 
remorse, however in some cases it occurs within 
months [3, 4]. 

Over time, different methods for tattoo removal 
have been explored including various mechanical, 
chemical and thermal techniques such as salabrasion, 
dermabrasion, and surgical excision of the skin 
containing tattoo pigments, the use of caustic 
chemicals (tannic acid and silver nitrate) and the use of 
an infrared coagulator or liquid nitrogen. 
Unfortunately most of these techniques not only 
destroyed the tattoo but also the skin which contained 
it and resulted in considerable scarring [4-6, 9]. 

The discovery of selective photothermolysis has 
enabled the targeted destruction of tattoo pigments 
with only minimal damage to the surrounding tissue 
and limited risk of adverse effects, which contrasts 
with previously used nonspecific methods. This 
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Table 8: Before and after photos, actual no. of treatments and assessed no. by Kirby-Desai score, for cases of 
tattoo removal with Q-switched Nd:YAG laser (QX MAX, Fotona d.d.). 
 Before After Number of 

Treatments 
Assessed No. 

of Tx by Kirby-
Desai Score 

Case 1 

  

5 6 

Case 2 

  

6 9 

Case 3 

  

9 8 

Case 4 

  

6 10 

Case 5 

  

4 7 

Case 6 

  

5 10 
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treatment modality requires laser pulses of short 
durations (nanoseconds) and high intensities. Laser 
therapy is now days considered as the gold standard 
for tattoo removal [3, 9]. 

With laser removal, tattoo pigment particles can be 
selectively destroyed without harming the surrounding 
tissue by means of selective photothermolysis. This 
requires the correct choice of laser parameters, 
including wavelength, radiant exposure, and pulse 
duration of the applied laser [9,10]. The only laser 
system that provides satisfactory results is the so called 
quality-switched or Q-switched laser system [5]. 

It is a known fact that one treatment is insufficient 
for successful tattoo removal. Patients should engage 
in the process with full awareness of the potential 
success of tattoo removal so it is important to assess 
number of treatments that the patient would receive.  

The Kirby-Desai scale was proposed to assess the 
potential success and number of treatments necessary 
for laser tattoo removal, assuming the medical 
practitioner is using a quality-switched Nd:YAG or 
Alexandrite laser incorporating selective 
photothermolysis with 6 to 8 weeks between 
treatments. This scale can be used by the physician 
during pre-consultation to determine the number of 
treatments required for tattoo removal, decreasing the 
uncertainty of the laser-removal process [12]. 

In our study we evaluated the efficacy of prediction 
of the number of sessions required by comparing the 
Kirby-Desai scale assessment with the real number of 
required sessions. 

II. MATERIALS AND METHODS 

From March 2008 through January 2011, 10 
patients requesting tattoo removal had been treated. 
One of the patients had three tattoos and one had 
two, thus we treated 13 tattoos altogether. All patients 
were treated with Fotona’s QX MAX quality-switched 
Nd:YAG (Fotona, Slovenia) laser which offers four 
wavelengths in a single system; 1064 nm Nd:YAG was 
used to treat and remove dark pigments, 532 nm KTP 
for red, tan-colored, purple and orange tattoo inks, 
650 nm dye for green tattoo inks and 585 nm dye for 
sky-blue colored inks. 

Exclusion criteria for the initiation of laser treatment 
included a history of keloidal scarring, pregnancy, 
lactating mothers and the administration of 
photosensitive drugs. Treatments were administered by 
manually scanning the treatment area with the laser in 
an even motion throughout the entire treatment area 

with a 3–6 mm spot size, depending on the size and the 
type of the tattoo (in most cases a 5 mm spot size was 
used). Treatments were performed using different 
frequencies ranging from 1–10 Hz (on average 2 Hz), 
and fluences ranging from 2 J/cm2 up to 9 J/cm2 
(average 6 J/cm2) and a 5 ns pulse duration. Initially, 
lower fluences were used and were usually progressively 
increased on each subsequent laser treatment. 

High-resolution photographs were taken prior to 
the first treatment and after every subsequent 
treatment. After the completed treatments, patients 
were given a questionnaire to assess their satisfaction 
rate (satisfaction with tattoo removal, satisfaction with 
the number of treatments, unwanted side effects and 
pain during treatment). The results of laser tattoo 
removal was graded with grades from 1 to 6, 1 – being 
the minimum and 6 – the maximum. 

A Kirby-Desai score was recorded for each tattoo 
based on the patient’s history and photographs taken 
prior to the initiation of the laser tattoo-removal 
treatments. In the Kirby-Desai scale, numerical values 
are assigned to six parameters: skin type, location, color, 
amount of ink, scarring or tissue change, and layering. 
Parameter scores are then added to yield a combined 
score that will show the estimated number of 
treatments needed for successful tattoo removal. Scale 
parameters for the Kirby-Desai score were applied as 
follows: skin type = 1 to 6 based on the Fitzpatrick skin 
type; location = 1 to 5; color = 1 to 4; amount of ink = 
1 to 4; scarring = 0 to 5; layering = 0 to 2 [12]. 

A Pearson correlation coefficient between Kirby-
Desai scores and the number of actual tattoo treatments 
performed in the subject group was calculated.  

III. RESULTS 

The results of the study revealed that complete 
removal of all the tattoos in 10 patients was achieved 
in our subject group. 

According to the results from the questionnaires, we 
can conclude that patients were very satisfied with the 
success and the number of treatments needed for tattoo 
removal. The unwanted effects were very mild to 
nonexistent and the pain was moderate (see Table 1). 

Table 1: Average scores of general satisfaction with 
tattoo removal on a scale from 1 to 6 (1 – minimum, 
6 – maximum). 
Satisfaction with tattoo removal 5.2 
Satisfaction with the no. of treatments 4.9 
Unwanted side effects  1.3 
Pain  3.8 

Average scores of general satisfaction with tattoo removal on a 

scale from 1 to 6 (1 – minimum, 6 – maximum).
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Improved Onychomycosis Clearance with 
Two-Stage Long-Pulsed Nd:YAG Laser 
Therapy

EVALUATING TWO-STAGE ND:YAG LASER THERAPY FOR ONYCHOMYCOSIS

This study evaluated the efficacy and safety of a two-stage long-pulsed Nd:YAG 

1064-nm laser treatment protocol for onychomycosis. The objective was to 

determine whether extending laser therapy beyond an initial intensive treatment 

phase could improve mycological clearance and clinical efficacy in patients with 

chronic fungal nail infections.

TWO-STAGE TREATMENT USING LONG-PULSED ND:YAG 1064-NM LASER

A prospective clinical study included 100 affected nails (88 toenails and 12 

fingernails) from 22 patients with clinically and mycologically confirmed 

onychomycosis. Treatments were performed using a long-pulsed Nd:YAG 1064-

nm laser (Dualis SP, Fotona, Slovenia) with fluences of 35–40 J/cm2, 35 ms 

pulse duration, 4 mm spot size, and 1 Hz repetition rate. The treatment protocol 

consisted of a first stage with weekly sessions for 8 weeks, followed by a second 

stage with one session every 4 weeks for an additional 16 weeks. Mycological 

assessment, fungal cultures, clinical evaluation, pain assessment, and photographic 

documentation were performed throughout treatment and follow-up.

IMPROVED MYCOLOGICAL CLEARANCE AND CLINICAL EFFICACY AFTER 

SECOND-STAGE TREATMENT

Two-stage laser therapy significantly improved both mycological clearance and 

clinical efficacy compared with the initial treatment phase alone. The mycological 

cure rate increased from 29% after the first treatment stage (week 8) to 69% 

after completion of the second stage (week 24), remaining stable at 67% during 

follow-up at week 36. Clinical efficacy similarly improved from 21% at week 8 to 

35% at week 24 and 39% at week 36.

Treatment efficacy was influenced by disease severity and nail characteristics. 

Nails with lower SCIO severity grades demonstrated significantly better outcomes 

than more severe cases, while nails with hyperkeratosis below 1 mm showed 

superior response compared with thicker nails. Most patients reported moderate 

treatment discomfort, although no intolerable pain or treatment-related adverse 

effects were observed. Clinical photographs demonstrated progressive cosmetic 

improvement and nail regrowth throughout treatment and follow-up.

SAFE AND EFFECTIVE LASER APPROACH FOR ONYCHOMYCOSIS

Two-stage long-pulsed Nd:YAG 1064-nm laser therapy appears to be a safe 

and effective treatment approach for onychomycosis, producing improved 

mycological clearance and progressive clinical nail improvement with extended 

treatment duration. The authors concluded that longer treatment courses and 

individualized treatment strategies based on disease severity may improve laser-

treatment outcomes.
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Objectives. Onychomycosis is a fungal infection of the nail bed, nailmatrix, andnail plate. Lasers have recently been studied as future
clinical options for onychomycosis. We sought to evaluate the efficacy of the long-pulsed Nd:YAG 1064-nm laser on onychomycosis
using a two-stage treatment.Methods. A total of 100 affected nails (88 toenails and 12 fingernails from 22 patients) were treated using
a long-pulsedNd:YAG 1064-nm laser.The self-controlled treatment schedule included the first stage (1 session perweek for 8weeks)
and the second stage (1 session every 4 weeks for 16 weeks). Patients were followed upwith for 12 weeks after the last laser treatment.
Direct microscopy, cultures, and clinical assessments were performed at various time points. Results. Of the nails studied, 84% were
infected by Trichophyton rubrum, while others were coinfected with T. rubrum and other fugal strains. The mycological clearance
rate and the clinical efficacy rate of the nails were 29% and 21% after the first stage, 69% and 35% after the second stage, and 67% and
39%during follow-up, respectively.The second stage of laser treatment significantly improved themycological clearance and clinical
efficacy. Conclusion. Long-pulsed Nd:YAG 1064-nm laser two-stage treatment was effective for onychomycosis, with significantly
improved mycological clearance and clinical efficacy. This trial is registered with ChiCTR 1900021669.

1. Introduction

Onychomycosis is a chronic fungal infection of the nail plate,
nail matrix, and nail bed that is more common in the
toenails. The prevalence of onychomycosis is 2–13% [1], and
up to 14–28% among elderly patients over 60 years old [2].
Onychomycosis can cause pain, discomfort, and cosmetic
concerns and thus significantly impacts patients, both physi-
cally and emotionally [3]. Although there have been advances
in current treatment options, including terbinafine and itra-
conazole, that have improved the complete cure rate to 70.5%
[2], recurrence (relapse or reinfection) still occurs in 10–53%
of patients [4]. Oral antifungal medications are associated
with side effects, such as gastrointestinal upset, headaches,
and liver dysfunction. Recently, laser treatments, including
the use of the Nd:YAG 1064-nm laser, have shown encour-
aging and promising results in patients with onychomycosis
[5–7]; however, there is no standard treatment course for laser
treatment. Here, we report that a two-staged long-pulsed
Nd:YAG 1064-nm laser treatment significantly improves
onychomycosis.

2. Methods

2.1. Subjects. For this study, 22 patients (18 to 76 years old)
with clinically and mycologically (both direct microscopy
and cultures) diagnosed onychomycosis for at least one
year were enrolled in the Department of Dermatology at
Beijing Friendship Hospital. The Scoring Clinical Index of
Onychomycosis (SCIO) [8] was 6–15 (grade II–IV). The
study was approved by the Hospital Ethic Committee, and all
patients signed written informed consent statements before
the study started. Exclusion criteria included application of
topical antifungal agents within the last months; application
of systemic antifungal agents within the last 6 months;
other nail diseases, such as lichen planus, psoriasis, atopic
dermatitis, subungual hematoma, nevoid formation, or bac-
terial nail infections; pregnancy or lactation; and photo-
hypersensitivity.

2.2. Treatment Procedure. Patients were treated with a long-
pulsed Nd:YAG 1064-nm laser (Dualis SP; Fotona, Slovenia).
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Figure 2: (a) Mycological cure rate and (b) clinical efficacy rate of nails that received laser treatment. There was a significant improvement
in both rates at week 24, compared to week 8.
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Figure 3: (a) Mycological cure rate of SCIO II, SCIO III, and SCIO IV during laser treatment. ∗p < 0.05, comparing week 24 to week 8. †p <
0.05, comparing week 20 to week 8. ‡p < 0.05, comparing SCIO IV to SCIO II at both week 4 and week 20. (b) Clinical efficacy rate of SCIO
II, SCIO III, and SCIO IV during laser treatment. ∗p < 0.05, comparing week 24 to week 8. †p < 0.05, comparing SCIO IV to SCIO II at week
8, week 24, and week 36.

Table 2: Pain measurement and number of mycologically cured cases at week 36.

Pain level
(Verbal Rating Scale)

Number of patients Number of mycological cures

no pain (0) 0 0
mild pain (1) 3 3 (100%)
moderate pain (2) 12 8 (66.7%)
severe pain (3) 7 4 (57.1%)
intolerable pain (4) 0 0

3.3. Clinical Efficacy. The clinical efficacy significantly
improved after two-stage laser treatment (Figure 2(b)). Week
24 had significantly higher clinical efficacy rates than week
8. Further, SCIO IV cases significantly improved at week 24
compared to week 8, and the clinical efficacy of SCIO II was
significantly better than for SCIO IV at week 8, week 24, and
week 36 (Figure 3(b)).

3.4. Pain and Side Effects. All patients reported various inten-
sities of pain using the VRS.Most patients reportedmoderate
pain, while none reported intolerable pain. All patients with

mild pain (3 out of 3) were mycologically cured at week
36, whereas 8 out of 12 with moderate pain and 4 out of
7 with severe pain experienced mycological cures (Table 2).
Treatment was tolerated by all subjects, and no side effects
were reported at any time during the procedure.

3.5. Treatment Efficacy and Degree of Hyperkeratosis. The
mycological cure rate was characterized by the degree of
hyperkeratosis. Nails with fungal eradication and hyperker-
atosis of less than 1 mmdisplayed the best outcomes after laser
treatment, with effects starting to appear at week 4, whereas
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II, SCIO III, and SCIO IV during laser treatment. ∗p < 0.05, comparing week 24 to week 8. †p < 0.05, comparing SCIO IV to SCIO II at week
8, week 24, and week 36.

Table 2: Pain measurement and number of mycologically cured cases at week 36.

Pain level
(Verbal Rating Scale)

Number of patients Number of mycological cures

no pain (0) 0 0
mild pain (1) 3 3 (100%)
moderate pain (2) 12 8 (66.7%)
severe pain (3) 7 4 (57.1%)
intolerable pain (4) 0 0

3.3. Clinical Efficacy. The clinical efficacy significantly
improved after two-stage laser treatment (Figure 2(b)). Week
24 had significantly higher clinical efficacy rates than week
8. Further, SCIO IV cases significantly improved at week 24
compared to week 8, and the clinical efficacy of SCIO II was
significantly better than for SCIO IV at week 8, week 24, and
week 36 (Figure 3(b)).

3.4. Pain and Side Effects. All patients reported various inten-
sities of pain using the VRS.Most patients reportedmoderate
pain, while none reported intolerable pain. All patients with

mild pain (3 out of 3) were mycologically cured at week
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the severity of onychomycosis. Our results indicate that the
SCIOmay be used to provide laser treatment strategies: SCIO
II and SCIO III patients should receive laser therapy alone
(our team found the efficacy of systemic antifungalswas equal
to laser therapy in those patients [15]); SCIO IV patients
should receive combination therapy (systemic antifungals,
laser therapy, and topical therapy); and SCIO IVpatients need
a longer laser treatment course than SCIO II and SCIO III
patients.

Regarding the degree of hyperkeratosis, we found that
nails with hyperkeratosis of less than 1mm had better out-
comes. If nails thicker than 1mm are treated with 40% urea
before laser treatment, it could improve the overall efficacy.

In total, 84 nails from 19 patients were infected by T.
rubrum, and 16 nails of 3 patients were coinfected with T.
rubrum and other fugal strains.Themycological cure rate and
clinical efficacy rate of nails with T. rubrum infection were
35% and 25% atweek 8 (first stage of treatment), 69% and 38%
at week 24 (second stage of treatment), and 68% and 45% at
week 36, respectively. The mycological cure rate and clinical
efficacy rate of nailswithmixed fungal infectionswere 0% and
0% at week 8, 69% and 6.25% at week 24, and 63% and 6.25%
at week 36, respectively. Themycological and clinical efficacy
of laser treatment for nails with mixed fungal infections was
much lower than the nails with T. rubrum infection alone.
T. rubrum seemed to be more sensitive to laser intervention,
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Minimizing Intervention, Maximizing 
Results: Wart Removal Without 
Anesthesia Using Nd:YAG Lase

EVALUATING ND:YAG LASER WART REMOVAL WITHOUT ANESTHESIA

This study aimed to evaluate the safety, efficacy, and tolerability of long-pulse 

1064 nm Nd:YAG laser for wart removal without the use of topical or infiltrative 

anesthesia. The objective was to determine whether effective wart clearance can 

be achieved while avoiding anesthesia-related complications.

RETROSPECTIVE STUDY USING LONG-PULSE ND:YAG LASER

A retrospective study included 85 patients with 174 warts treated over a 3-year 

period. Treatments were performed using the SP Dynamis® system (Fotona, 

Slovenia) with long-pulse 1064 nm Nd:YAG laser. No chemical anesthesia 

was used; instead, cooling methods such as ice and cold air were applied to 

improve tolerability. Patients underwent repeated sessions at approximately 7 

week intervals until clearance. Outcomes included number of sessions required, 

treatment success rate, pain scores (VAS), and adverse effects.

HIGH CLEARANCE RATES WITH MINIMAL SIDE EFFECTS

Among patients who completed treatment, high clearance rates were achieved, 

with most warts resolving after a mean of 2.2 sessions. Approximately 47% of 

patients achieved clearance already after a single session. Pain during treatment 

was moderate (mean VAS score of 6), but generally tolerable (only 5% of patients 

listed pain as the reason for discontinuation). Side effects were minimal and 

transient, including occasional short-term discomfort and rare cases of blistering, 

with no reported scarring or pigmentary changes.

SAFE, EFFECTIVE, AND PRACTICAL APPROACH WITHOUT ANESTHESIA

Long-pulse 1064 nm Nd:YAG laser without anesthesia appears to be a safe and 

effective treatment for warts, offering high clearance rates with minimal risk 

of complications. Avoiding anesthesia may allow real-time patient feedback to 

optimize treatment delivery and reduce tissue damage. In this study, long-pulse 

1064 nm Nd:YAG laser treatment of warts was successful irrespective of wart 

location, patient age, and disease duration, with response rates similar to or 

higher than those reported for conventional therapies.
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1  | INTRODUC TION

Warts are benign epithelial proliferations, characteristically 1-20 mm 
in diameter. The lesions result from more than 100 serotypes of 
human papillomavirus (HPV) infection occurring on the skin and mu-
cosa1,2. Spontaneous regression can occur, but treatment is usually 
challenging and protracted. They are a common dermatological com-
plaint, with an estimated incidence of 5%-20% in children and adults, 

with peak incidence reported during teenage years1,3,4. Verrucas can 
be divided into two broad categories: cutaneous and extracutane-
ous. The cutaneous lesions include common warts, filiform warts, 
plane warts, plantar warts, anogenital warts, and bowenoid papu-
losis. Extracutaneous lesions occur on orificial mucous membranes 
and include oral common warts, oral condylomata acuminata, focal 
epithelial hyperplasia, oral florid papillomatosis, nasal papillomas, 
conjunctival papillomas, laryngeal papillomatosis, and cervical 
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Abstract
Background: Warts are benign epithelial proliferations that result from human papil-
lomavirus (HPV) infection occurring on the skin and mucosa. Patients express a sig-
nificant reduction in quality of life due to this cosmetic nuisance, as well as functional 
problems and physical discomfort. Newer methods of wart removal include differ-
ent energy-based devices, mostly lasers. Nonablative lasers such as Nd:YAG have a 
higher success rate and are usually used with topical or infiltrative anesthesia. The 
procedure may be safer without anesthesia but still tolerable with an appropriate 
cooling and technique.
Aims: The purpose of this study is to report on our experience over 3 years since the 
approach without anesthesia has been utilized.
Patients/Methods: A retrospective chart review analysis of all 85 patients who un-
derwent 1064 nm Nd:YAG wart removal without anesthesia between November 
2016 and August 2019 was conducted. One of the main outcome measures was de-
termining the number of sessions required in order to get full clearance.
Results: The mean number of sessions was 2.2 (range 1-7). The mean VAS pain score 
during the procedure was 6 (range: 2-10), and side effects were negligible.
Conclusion: Long-pulse 1064-nm Nd:YAG laser without any chemical anesthesia is 
safe and effective for the treatment of warts.

K E Y W O R D S

1064 nm, Nd:YAG, no anesthesia, warts



81

W
a
rt

s
P

o
d

ia
tr

y

No. of treatments required to achieve complete clearance 

(n = 68). 17 patients discontinued their treatment.

Treatment success rate. Results are presented as the 

percentage of patients who either successfully completed 

the treatment or discontinued the therapy after a specified 

number of treatment sessions (n = 85).

6 weeks after the treatment.

6 months after the treatment.

5 days after the treatment.

20 days after the treatment.
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14 continued with other methods (surgical excision, cryotherapy, or 
OTC topical treatment). Four of these patients listed pain as the main 
reason; one said he was bothered by the smell during the procedure, 
while others did not provide a special reason for discontinuation of 
the laser therapy.

The mean number of sessions was 2.2 (range 1-7); the number of 
treatments needed for complete clearance of warts in 68 patients 
is presented in Table 2, and the overall success rate is presented in 
Figure 8.

The intended treatment interval was 4-6 weeks, but in fact 
it was a mean of 41 days between the 1st and 2nd session and 
60 days between the 2nd and 3rd treatment, with a mean of 
51 days for all sessions for the 68 patients who completed the 
treatment.

Associations between previous treatment, location of the wart, 
age of the patient, duration of the disease, and success of the treat-
ment were tested using a chi-square test of independence. No asso-
ciation tested was statistically significant.

The mean VAS pain score during the procedure was 6 (range: 
2-10). All treated lesions healed without major problems after the 
procedure; there were a few cases (4) of blisters and 14 patients 
reported slight pain in the next 2-3 days, especially when exerting 

F I G U R E  5   Patient 2—9 mo after a single treatment

F I G U R E  6   Patient 3—Before the treatment

F I G U R E  7   Patient 3—1 y after a single treatment

TA B L E  2   No. of treatments required to achieve complete 
clearance (n = 68). 17 patients discontinued their treatment

No. of treatments
No. of 
patients

% of 
patients

Cumulative 
clearance rate (%)

1 32 47 47

2 13 19 66

3 12 18 84

4 5 7.4 91

5 3 3.5 96

6 2 2.9 99

7 1 1.5 100

11

1

38
2

2

15

4

3

14 4

4

6

5

4

6

2

7

1
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The second reason for a lower success rate is that the interval 
between the treatments was longer than intended and reported 
in other studies, mainly due to patient compliance. Pain was the 
limiting factor; only a sequence of 3-4 consecutive shots was tol-
erated by most of the patients, after which a short pause with 
contact ice cooling was needed. Patients who had experience 
with cryotherapy reported of similar discomfort during the proce-
dure, but on the other hand reported of much less problems and 
pain over the following days after the laser therapy in compari-
son with cryotherapy. Overall side effects were negligible. Slight 
pain in the area, with or without serous or hemorrhagic bullae 
(see Figures 9-14), over the next few days was considered nor-
mal and a part of the healing process14 and only experienced by 

about 30% of the patients. Other, permanent side effects com-
monly reported by other authors using topical and/or infiltrative 
anesthesia were not observed (hypo/hyperpigmentation, ulcer-
ation, scarring)2,4,10,13,15. In our opinion, this is due to the fact that 
no chemical anesthesia was used, so the patients were able to 
give feedback information and the treatment could be adjusted 
or stopped.

We have not been able to show any statistically significant as-
sociation between previous treatment, location of wart, age of the 
patient, duration of the disease, and success of the treatment when 
using a chi-square test of independence, as was reported in some 
other studies1,10.

F I G U R E  1 0   Patient 4—5 d after the treatment

F I G U R E  11   Patient 4—20 d after the treatment

F I G U R E  1 2   Patient 4—6 wk after the treatment

F I G U R E  1 3   Patient 4—6 mo after the treatment
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Hair Reduction for darker skin types 
with Short-Pulse Nd:YAG Laser: Effective 
Results with Minimal Discomfort

EVALUATING SHORT-PULSE ND:YAG FOR HAIR REDUCTION

This study aimed to evaluate the effectiveness and safety of short-pulse width 

Nd:YAG laser for laser hair reduction (LHR) in patients with darker skin types. The 

objective was to determine whether significantly shorter pulse durations could 

provide effective hair reduction with reduced pain while maintaining safety.

PROSPECTIVE STUDY USING SHORT-PULSE ND:YAG LASER

A prospective observational study included 50 female patients with Fitzpatrick 

skin types III–V undergoing facial hair reduction. Eight patients had polycystic 

ovarian disease and six patients were on oral isotretinoin. Patients received 

four treatment sessions at 6-week intervals, followed by 6 months of follow-

up. Treatments were performed using the XP Dynamis® laser system (Fotona, 

Slovenia) with short pulse widths of 0.6–1.6 ms. Outcomes included percentage 

hair reduction, pain scores, patient satisfaction, and safety assessment.

HIGH EFFICACY WITH LOW PAIN AND EXCELLENT SAFETY

The treatment demonstrated high efficacy, with 92% of patients achieving more 

than 50% hair reduction and 58% achieving excellent improvement after four 

sessions. Results were statistically significant, and improvements increased 

progressively with each session. Pain levels were low, with a mean score of 1.7, 

and patient satisfaction was high. No significant adverse effects were reported, 

apart from transient perifollicular erythema and edema, which are expected 

treatment endpoints.

EFFECTIVE AND PATIENT-FRIENDLY APPROACH FOR DARKER SKIN TYPES

Short-pulse width Nd:YAG laser represents a safe, effective, and well-tolerated 

approach for hair reduction in darker skin typesThe authors proposed that the 

mechanism of action of short-pulse Nd:YAG laser involves high peak power, 

vascular targeting, and heat diffusion, which may contribute to effective follicular 

damage and hair reductionwith minimal pain and a strong safety profile. 
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Summary

Introduction: Laser hair reduction (LHR) is a safe and effective way of reducing

unwanted hairs over body. Long‐pulse Nd:YAG laser has over the years, been pro-

ven to be particularly safe and effective in darker skin types. While conventionally,

long‐pulse Nd:YAG laser has been used, recently short‐pulse width Nd:YAG laser of

0.6‐1.6 ms which is 10‐50 times less than the standard method (long‐pulse) of Nd:

YAG LHR, has become available.

Objectives: To study the effectiveness of short‐pulse width Nd:YAG laser in LHR in

Indian patients.

Material and methods: This was a prospective observational study conducted over

a period of 1 year. Fifty female patients with fitzpatrick skin type 3‐5 were included.

Patients underwent four sessions of LHR, with an interval of 6 weeks and then fol-

low up was done for 6 months after the last session.

Results: The mean age of patient was 29.92 years ranging from 17 to 48 years.

After finishing four sessions of LHR procedure 58%, 34%, 6%, and 2% of the

patients showed excellent, good, moderate, and poor improvement respectively. No

complications were seen during the treatment and after follow‐up. Statistical analy-

sis by paired t test showed the results to be statistically significant.

Conclusion: Hair reduction using unique short‐pulse width Nd:YAG laser is easy to

use, safe, and effective in Indian skin.

K E YWORD S

laser hair reduction, Nd:YAG laser, short-pulse width

1 | INTRODUCTION

Excess facial hairs as a result of hirsuitism or unwanted facial hairs

both are very distressing for patient resulting in negative impact on

psychological aspect and quality of life.1,2 Laser hair reduction (LHR)

is a safe and effective way of reducing unwanted hairs over body.3–8

Laser hair reduction is defined as reduction in the number of ter-

minal hairs after a given treatment, which is stable for a period of

time longer than the complete growth cycle of hair follicles at the

given body site.9 LHR works on the principle of selective photother-

molysis where the laser light is delivered to target melanin and

damage the hair follicle without damaging skin.10,11 The various sys-

tems available for LHR are ruby (694 nm) laser, alexandrite (755 nm)

laser, diode (810 nm) laser, neodymium: yttrium‐aluminum‐garnet

(Nd:YAG; 1064 nm) laser, and intense pulsed light (IPL) system. In

particular Nd:YAG laser has been useful in darker skin because of its

safety with respect to epidermal burn and ability to penetrate deep

because of its longer wavelength.

According to the theory of selective photothermolysis, to cause

damage to the hair follicle, pulse width of laser should be equal or

less than the TRT of hair follicle (10‐100 ms), and to spare the

Received: 30 March 2018 | Revised: 12 June 2018 | Accepted: 13 June 2018

DOI: 10.1111/jocd.12746
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Noninvasive Fat Reduction and Skin 
Tightening with Combined Nd:YAG and 
Er:YAG Laser Therapy

EVALUATING COMBINED ND:YAG AND ER:YAG LASERS FOR BODY SHAPING

This study evaluated the safety and efficacy of combined long-pulse 1064 nm 

Nd:YAG and 2940 nm Er:YAG laser therapy for non-invasive lipolysis and skin 

tightening. The objective was to determine whether dual-wavelength laser 

treatment could reduce localized adipose tissue while improving skin firmness 

and body contour.

PROSPECTIVE STUDY USING TIGHTSCULPTING® LASER THERAPY

A prospective clinical study included 10 female participants with visible excess 

fat on the waist or lower abdomen. Patients underwent four combined laser 

treatment sessions at two-week intervals using the Fotona SP Dynamis® system 

with TightSculpting® PIANO Nd:YAG and SMOOTH® Er:YAG modes. The 1064 nm 

Nd:YAG laser was applied first for deep homogeneous tissue heating, followed 

by non-ablative 2940 nm Er:YAG laser treatment for superficial skin tightening. 

Outcomes were assessed using standardized photography, waist circumference 

measurements, bioelectric impedance body-fat analysis, ultrasonography, shear 

wave elastography, and low-dose CT imaging.

SIGNIFICANT WAIST REDUCTION, FAT THICKNESS DECREASE, AND 

IMPROVED SKIN STIFFNESS

Combined laser treatment resulted in visible improvement in abdominal contour 

and significant reduction in waist circumference at all measured locations. Total 

body fat decreased significantly. Ultrasonography demonstrated a statistically 

significant reduction in subcutaneous fat thickness, while shear wave elastography 

showed increased tissue stiffness and tightening in the treated regions of 

all participants. Low-dose CT imaging demonstrated moderate reduction in 

subcutaneous fat volume in 6 of 10 participants, although these CT-based changes 

were not statistically significant overall. Treatments were well tolerated, with 

participants reporting only minimal warmth during procedures and no treatment-

related complications or adverse effects.

SAFE AND PROMISING NONINVASIVE BODY CONTOURING APPROACH

Combined 1064 nm Nd:YAG and 2940 nm Er:YAG laser therapy appears to be 

a safe, comfortable, and promising noninvasive approach for simultaneous fat 

reduction and skin tightening. The authors proposed that deep homogeneous 

heating with long-pulse Nd:YAG laser may support adipose-tissue reduction 

through bulk thermal effects, while nonablative Er:YAG SMOOTH® mode may 

contribute to skin tightening through controlled superficial heating and collagen 

remodeling. Objective measurements confirmed reductions in waist circumference 

and subcutaneous fat thickness together with increased tissue stiffness after 

treatment.
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Abstract
Noninvasive body shaping is becom-

ing a growing demand. The aim of this

study was to investigate the efficacy

and safety of the combined treatments

of 1064 nm Nd:YAG and 2940 nm Er:

YAG in noninvasive lipolysis and skin

tightening. Ten females were enrolled, and all women's side of the waist or the

lower part of the abdomen were treated. In the first step, the 1064 nm Nd:YAG

was used. As a second step, the 2940 nm Er:YAG laser was applied. Each woman

was treated four times, once every 2 weeks. The effects were determined by com-

parative photo documentation, waist circumference measurement, two-dimensional

B-mode ultrasonography and low-dose native computer tomography (CT), whereas

body fat was monitored with bioelectric impedance. The tissue firmness was mea-

sured by ultrasound shear wave elastography. Combined laser treatment signifi-

cantly reduced waist circumference and total body fat. Ultrasonography has

revealed that the treatment considerably decreased fat thickness and improved skin

stiffness in the treated region. Subcutaneous fat volume, measured by low-dose

CT, displayed a moderate decrease in the waist region. The combined 1064 nm

Nd:YAG and 2940 nm Er:YAG laser treatment results in the reduction of fat tissue

and tightens the skin as confirmed by objective measurements.

KEYWORD S

Er:YAG laser, fat reduction, Nd:YAG laser, skin stiffness

1 | INTRODUCTION

According to a recent survey, obesity in the United States
affects almost 40% of adults and nearly 20% of youth [1].
Obesity is known to be accompanied by the elevated risk of
cardiovascular diseases (eg, heart failure) and metabolic

disorders (eg, type 2 diabetes mellitus) [2, 3]. Furthermore,
it is a risk factor for some cancers and may influence the
cancer outcome [4]. Obesity significantly increases the risk
of developing an arthritic condition, as well [5]. Thus, many
people are seeking to shed weight. In addition to health
related factors, cosmetic purposes, greater social integration,
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Comparative photographs of participant before and after the treatments. A) The participant before the 1st combined laser treatment 

from frontwise. B) The participant before the 1st combined laser treatment from side view. C) The participant 2 weeks after the 4th 

treatment from frontwise. D) The participant 2 weeks after the 4th treatment from side view.

Findings of waist circumference measurements.“Before” values represent the status before the 1st laser treatment while“after”

values were determined 2 weeks after the last treatment. Data of participants are depicted separately. Circumference values are 

given in cm. A, B and C demonstrate measurement points 4, 8 and 12 cm above the spina iliaca anterior superior, respectively. #, 

difference between“before” and “after” values is statistically significant.

Total body fat. “Before” and “after” 

values demonstrate baseline values and 

the values measured 2 weeks after the 

4th laser treatment, respectively. Data 

of participants are depicted separately. 

Total body fat values are given in 

percentage. #, difference between 

“before” and“after” values is statistically 

significant.

Mean subcutaneous fat measured 

with two-dimensional B-mode 

ultrasonography. “Before” values were

determined before the 1st laser treatment 

while“after” values demonstrate the 

fat thickness 2 weeks after the 4th 

laser treatment. Data of participants 

are depicted separately. Fat thickness 

values are given in mm. #, difference 

between“before” and“after” values is 

significant.

Subcutaneous fat tissue stiffness 

determined by means of shear wave 

elastography.“Before” values represent 

the status before the 1st laser treatment 

while“after” values were determined

2 weeks after the last treatment. Data 

of participants are depicted separately. 

Stiffness values are given in kPa. #, 

difference between “before” and“after” 

values is statistically significant.

FIGURE 2 Comparative photographs of participant ID 4 before and after the treatments. A, The participant before the 1st combined laser
treatment from frontwise. B, The participant before the 1st combined laser treatment from side view. C, The participant 2 weeks after the 4th
treatment from frontwise. D, The participant 2 weeks after the 4th treatment from side view
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[32, 33]. The 1064 nm wavelength has many advantages
including its minimal absorption in the epidermis so it can
be used on all skin types. This wavelength penetrates into
the subcutaneous fat layers and provides bulk heating
needed to destroy adipocytes.

Our results have confirmed these findings: the combined
1064 nm Nd:YAG and 2940 nm Er:YAG laser therapy is
effective in reducing the circumference measurements, fat
tissue volume of specifically treated regions, including the
waist and lower part of abdomen. The effect of treatment
improved the skin tightening for each participant. It is
important to highlight the fact that we have not detected any
complications. The participants tolerated the treatments well
and did not report pain or any other symptoms of adverse
effects.

Previously, the safety and efficacy of the various non-
invasive body shaping procedures were determined with
comparative pre- and post-treatment photography, circum-
ferential measurements and ultrasonography. An important

new aspect in our study is that we used the elastography to
the representation of compactness of the fat tissue. Shear
wave technique estimates tissue stiffness in real time and is
quantitative and user independent. This technique provides
useful information, for example, on liver diseases [34] and
musculoskeletal disorders [35].

In our clinical study, we applied FOTONA device with
TightSculpting method. This is a unique dual-wavelength
(1064 nm Nd,YAG, 2940 nm Er:YAG), nonablative laser
treatment for sculpting and skin tightening which can be uti-
lized on all body areas. The first step is deep tissue heating
with the objective of skin tightening and fat reduction with
PIANO pulse duration of the 1064 nm laser. The super long
1064 nm Nd:YAG pulse mode is designed for homogenous
tissue heating comfortably, safely and rapidly without injury
to the epidermis. Adipocyte destruction and collagen remo-
deling with exceptional results were found. The duration of
the PIANO mode is much longer than the TRT of the epider-
mis. This is therefore the safest way for reaching deeper

FIGURE 3 Findings of waist circumference measurements. “Before” values represent the status before the 1st laser treatment while “after”
values were determined 2 weeks after the last treatment. Data of participants are depicted separately. Circumference values are given in cm. A, B
and C demonstrate measurement points 4, 8 and 12 cm above the spina iliaca anterior superior, respectively. #, difference between “before” and
“after” values is statistically significant
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tissues, with minimal thermal effect on the epidermis. The
PIANO mode pulse durations are also longer than the relaxa-
tion times of any other skin structures, such as hair follicles
or blood vessels. The PIANO modality is thus indicated for
overall homogeneous, bulk heating of the dermis and subcu-
taneous tissue.

The second step of treatment comprises a nonablative
2940 nm Er:YAG SMOOTH mode, appropriate for skin

tightening. The intense and monitored surface tissue heating
stimulates collagen remodeling and the Er:YAG laser treat-
ment supports collagen production, therefore improves laxity
and elasticity on the treated areas. The MatrixView tempera-
ture monitor ensures effective and controlled treatments with
ultimate patient comfort and safety.

Owing to the described technical features, the treatment
is almost painless and there appears to be no adverse events
associated with combined Nd:YAG/Er:YAG laser. The treat-
ment protocols determined for this study seem to be appro-
priate for future treatments and investigations.

FIGURE 4 Total body fat. “Before” and “after” values
demonstrate baseline values and the values measured 2 weeks after the
4th laser treatment, respectively. Data of participants are depicted
separately. Total body fat values are given in percentage. #, difference
between “before” and “after” values is statistically significant

FIGURE 5 Mean subcutaneous fat measured with two-
dimensional B-mode ultrasonography. “Before” values were
determined before the 1st laser treatment while “after” values
demonstrate the fat thickness 2 weeks after the 4th laser treatment. Data
of participants are depicted separately. Fat thickness values are given in
mm. #, difference between “before” and “after” values is significant

FIGURE 6 Subcutaneous fat tissue stiffness determined by
means of shear wave elastography. “Before” values represent the status
before the 1st laser treatment while “after” values were determined
2 weeks after the last treatment. Data of participants are depicted
separately. Stiffness values are given in kPa. #, difference between
“before” and “after” values is statistically significant

TABLE 2 Fat tissue volume before the first and 2 weeks after the
last treatment (measured with low-dose computer tomography)

ID
number

Fat tissue volume
before
treatment (mL)

Fat tissue volume
after
treatment (mL) Results

1 3078 3016 #
2 1858 1971 "
3 7419 7673 "
4 3433 3272 #
5 6114 5385 #
6 2672 2753 "
7 2150 2177 "
8 1818 1777 #
9 3041 3015 #
10 3855 3159 #
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Non-Invasive Abdominal Body Shaping 
with StarFormer® Magnetic Stimulation: 
Improved Muscle Tone and Reduced 
Waist Circumference

EVALUATING HIGH-INTENSITY MAGNETIC STIMULATION FOR BODY SHAPING

This study aimed to evaluate the safety and effectiveness of high-intensity 

magnetic stimulation (HITS™) for non-invasive abdominal body shaping. The 

objective was to determine whether repeated magnetic muscle stimulation can 

improve abdominal muscle tone, strength, and overall body contour without 

affecting body weight.

CASE SERIES USING STARFORMER MAGNETIC STIMULATION

A prospective case series included 8 participants (4 male, 4 female) who underwent 

10 treatment sessions of high-intensity magnetic stimulation using the StarFormer® 

system (Fotona, Slovenia). Treatments were performed three times per week 

over 3.5 weeks, with each 30-minute session delivering progressively increased 

intensity based on patient tolerance. Outcomes included blinded evaluation of 

standardized photographs using the Global Aesthetic Improvement Scale (GAIS), 

patient satisfaction questionnaires, waist circumference measurements, and body 

weight assessment.

IMPROVED MUSCLE TONE AND REDUCED WAIST CIRCUMFERENCE

Blinded evaluators identified visible improvement in abdominal appearance in all 

patients, with an average GAIS score of 1.38 ± 0.52, indicating visible enhancement. 

Patient satisfaction was high with mean scores of 4.13/5 for abdominal body 

shape improvement and 4.38/5 for perceived muscle strength enhancement, 

suggesting strong ratings for both muscle strength and aesthetic improvement. 

Objective measurements showed a significant reduction in waist circumference at 

multiple measurement points, while body weight remained unchanged. Average 

waist reduction was 2.81 cm below the anterior superior iliac spine (ASIC), 2.6 cm 

at the ASIC level, and 3.19 cm above the ASIC level (all p < 0.001), while average 

body weight change was minimal and not statistically significant (-0.32 kg; p = 

0.53) suggesting visible contour changes despite stable body weight. 

SAFE AND EFFECTIVE NONINVASIVE BODY SHAPING METHOD

High-intensity magnetic stimulation using the StarFormer® system appears to 

be a safe, comfortable, and promising noninvasive method for abdominal body 

toning. The treatment was associated with visible improvement in abdominal 

appearance and perceived muscle strengthand improves body contour without 

downtime or adverse effects. The results support its role as a non-invasive body 

shaping option.
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1  |  INTRODUC TION

Lean and muscular body represents the ultimate symbol of health 
and beauty in modern society. Although exercise and healthy eating 
habits are the traditional and safest way to maintain a fit and firm 
body, today's sedentary and fast- paced lifestyle leads many peo-
ple to search for faster and easier solutions to help them achieve 
their desired lean shape, while avoiding invasive procedures, such 
as liposuction.

Recently, there has been a surge in the application of energy- 
based devices to achieve noninvasive body shaping— the demand 
for noninvasive body sculpting procedures has risen more than 
5x since 2012.1 Noninvasive body shaping procedures include 
nonsurgical procedures aimed at changing the body's appearance 
through modifying its size or shape. Body shaping procedures 
can achieve their goal by (a) tightening of the skin, (b) decreas-
ing the subcutaneous fat layer, (c) increasing the subcutane-
ous muscle mass, as well as combinations of the 3 mechanisms 
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Abstract
Background: Magnetic stimulation of muscles has become a popular method for mus-
cle toning and strengthening.
Aims: The aim of this case series was to investigate safety and effectiveness of a novel 
magnetic stimulation device.
Methods: The patients received 10 sessions of high- intensity magnetic stimulation of 
their abdominal muscles. Change in muscle tone was determined by anonymous eval-
uation of photographs and using patient satisfaction questionnaires before treatment 
and 10 weeks following the last treatment session. Weight and waist circumference 
were also measured before treatment and at the 10- week follow- up.
Results: Blinded evaluation of photographs has shown improvement of the appear-
ance of abdominal muscles. Patient satisfaction was high. The patients also experi-
enced a reduction in their waist circumference, while their weight did not significantly 
change.
Conclusions: The treatment using the StarFormer® high- intensity magnetic stimula-
tion is an effective and noninvasive method for abdominal body shaping, which is safe 
and comfortable to the patients and results in high patient satisfaction and an objec-
tive improvement in abdominal body shape appearance.
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This is the first published study on abdominal muscle toning 
using this particular device; however, prior studies using equivalent 
technologies have shown similar effects.5- 10

The visual improvement in abdominal muscle toning and body 
shape, as determined by blinded evaluators, was evident in all pa-
tients. The quantity of improvement, as evaluated by blinded evalu-
ators was 1.375 on the GAIS (Table 1).

Photographic analysis in previous studies using similar methods 
showed detectable esthetic improvement after magnetic muscle stimu-
lation in approximately 80% or more of treated patients.6,7,11 Photo eval-
uation using the identical 5- point GAIS as in the current study showed 
a very similar improvement score of 1.5±0.7 at the 3- month follow- up.

The visual improvement was also positively rated by the patients 
themselves. Patients were very satisfied with their visual improvement 
in abdominal body shape (4.1 on a 1– 5 scale) and would unanimously 
repeat the treatment and also recommend it to others (Figure 3). Two 
previous studies also reported on how the esthetic improvement was 
evaluated by the patients, according to a 7- point scale, and have shown 
long- term reported improvement in 66– 72% of patients.8,11

Besides the visual improvement, there was also a significant de-
crease in waist circumference (up to 3 cm on average), which was 
seen in all patients, and was not connected to weight loss. Similar 
waist circumference reduction after abdominal magnetic stimulation 
was reported in previous research.6,11– 13

We can deduct from previously published papers that the change 
in visual appearance is due to both increase in muscle thickness and 
decrease in the subcutaneous abdominal fat, which could be the 
reason behind the overall waist circumference reduction. Several 
previously published papers have used different imaging methods 
(ultrasound, CT, and MRI)6,9,10,13,14 to show the decrease in the sub-
cutaneous fat layer thickness following muscle stimulation. This ef-
fect is probably due to the indirect effect on subcutaneous fat tissue 
layer due to increased metabolic fat catabolism caused by intensive 
muscle contractions.

Limitations of this study include a small number of patients 
and a relatively short follow- up period. More studies including 
objective measures are needed for further evaluation of this 
technology.

TA B L E  1  The Global Aesthetic Improvement Scale, as used in blind evaluation of photographs

Score Rating Description

3 Very much improved An excellent corrective result

2 Much improved Marked improvement of the appearance

1 Improved Improvement in the appearance, better compared with the original condition

0 No change The appearance substantially remains the same compared with the original condition

−1 Worse The appearance has worsened compared with the baseline condition

TA B L E  2  Weight and waist circumference change

Waist circumference change (cm)

Patient # Weight change (kg) ASIC−3cm ASIC ASIC+3cm

1 0.3 −0.6 −1.3 −1.7

2 0.4 −3.2 −4.8 −5.5

3 1.7 −1.5 3– 2.6 −2.2

4 −1.8 −3.3 −2.9 −2.5

5 −1.8 −3.3 −2 −3.5

6 0.8 −1.5 −1.6 −1.4

7 −1.9 −5.9 −4.1 −5.5

8 −0.2 −3.2 −1.5 −3.2

Average −0.32 −2.8125 −2.6 −3.1875

Paired t- test p = 0.53 p < 0.001*** p < 0.001*** p < 0.001***

Note: The Student's t- test was used to compare follow- up to baseline values; p- value lower than 0.05 was considered statistically significant. The 
paired Student's t- test was used to evaluate statistical significance.
Note: The Student's t-test was used to compare follow- up to baseline values; p-value lower than 0.05 was considered statistically 

significant. The paired Student's t-test was used to evaluate statistical significance.

Weight and waist circumference change.

Median interevaluator scores from five blinded expert 

evaluators.

Patient satisfaction questionnaire. The graph shows box plots 

with mean, minimum, and maximum.

Level of satisfaction in 
body shaping

Level of satisfaction 
in muscular strength 

improvement-

Level of muscular 
intensity perceived 

during the treatment
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5  |  CONCLUSION

HITS™ magnetic stimulation seems to be an effective and safe 
method for muscle toning and body shaping, resulting with visible 
improvement and very high patient satisfaction rates.

CONFLIC T OF INTERE S T
The author declares no conflict of interest.

E THIC AL S TATEMENT
All procedures performed in studies involving human participants 
were in accordance with the ethical standards of the 1964 Helsinki 
Declaration and its later amendments or comparable ethical 
standards.

PATIENT CONSENT
All patients signed the informed consent form after understanding 
the nature of the trial.
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The data that support the findings of this study are available on re-
quest from the corresponding author. The data are not publicly avail-
able due to privacy or ethical restrictions.
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F I G U R E  1  (A) Before (left) and 
after (right) digital photographs of 
representative Patient No 3. The patient 
was highly satisfied with the results, 
and the five blinded evaluators have 
also evaluated the after image as much 
improved (median interevaluator GAIS of 
2). (B) Before (left) and after (right) digital 
photographs of representative Patient No 
2. The patient was highly satisfied with 
the results, and the five blinded evaluators 
have also evaluated the after image as 
much improved (median interevaluator 
GAIS score of 2). (C) Before (left) and 
after (right) digital photographs of 
representative Patient No 7. The patient 
was highly satisfied with the results, and 
the five blinded evaluators have also 
evaluated the after image as improved 
(median interevaluator GAIS score of 1)
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Blind evaluation of aesthetic improvement using GAIS scale Patient satisfaction questionnaire
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