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ABSTRACT

Non-ablative Er:YAG laser “smooth-resurfacing” of
skin and mucosa has attracted significant attention in
recent years due to the technique’s safety and excellent
clinical results. The goal of this study was to histologically
determine which smooth-resurfacing protocol is the
most effective for skin regeneration, and to evaluate the
contribution to the overall tissue regeneration process of
the intense heat-shock biomodulation resulting from
superficial heat-shock triggering.

The results of the study are consistent with previous
reports indicating that Er:YAG laser smooth-resurfacing
possesses a unique non-ablative  regenerative
characteristic, whereas the standard deep-thermal
coagulation is accompanied and enhanced by the
additional intense heat-shock biomodulation process.

When comparing different smooth-resurfacing
protocols, the obtained immuno-histological data
indicates that the most effective protocol is the
HyperStack™ protocol based on hyper stacking of
Er:YAG laser pulses, resulting in synergistic activation
of both mechanisms, the superficial heat-shock
triggering and the deep-tissue coagulation mechanisms.

The tissue regeneration process was observed to
persist for more than 3 months following HyperStack™
smooth-resurfacing, with the total amount of positive
fibroblasts located within skin depths of up to 1600 um
doubling at the 21-day follow up and increasing by four
times at the 3-month follow up. Following
HyperStack™ treatment of abdominal skin, the waist
citcumference was measured to decrease by 2 cm at 21
days, 5 cm at 3 months and 6 cm at 5 months.

Finally, based on the results of the study, a range of
recommended HyperStack™ parameters is provided
for treatments using the T-Runner robotic scanner.
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I. INTRODUCTION

Patients and physicians look for less invasive
techniques to prevent or reverse signs of aging. For
many years ablative lasers have been used successtully
for the treatment of wrinkles, but their use is limited by
the associated pain and down time, and by the relatively
high risk of side effects and complications. Therefore,
the demand for non-ablative techniques that are
minimally invasive yet effective is growing fast.

a) Smooth-resurfacing

Non-ablative “smooth-resurfacing” of the skin and
mucosa has in recent years attracted significant
attention due to the technique’s safety and excellent
clinical results [1-15]. Laser treatments with Fotona
SMOOTH® mode Er:YAG energy have been
determined to initiate changes in the cutaneous and
mucosal tissues without causing unwanted direct
epithelial ablation. Through activation of the tissue
healing response, fibroblasts are activated to migrate to
the treated tissue volume, where they initiate the
production of extracellular matrix and tissue remodeling
[1]. Fotona SMOOTH® mode Er:YAG lasers have
been, for example, very successfully used for
Fotona4D® face-lifting [10-11] and skin tightening [2, 3].

The smooth-resurfacing consists of delivering an
Er:YAG laser pulse sequence to the treated soft tissue
(see Fig. 1), consisting of a controlled number (N) of
laser pulses of very short duration (0.3 - 0.6 ms), with
cumulative fluences (F's) below the ablation threshold.
During  earlier, more aggressive non-ablative
treatments, cumulative fluences close to or slightly
above the ablation threshold were used [16-21]. On the
other hand, with smooth-resurfacing the cumulative
fluence is not only bellow the ablation threshold, but
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also below the heat pain tolerance threshold. This self-
protecting feature of smooth-resurfacing results in the
extreme safety of this technique.

In spite of the technique’s “smoothness” the
regenerative response of the tissue to smooth-
resurfacing is significant. This is because during an
Er:'YAG laser pulse sequence, the laser-generated heat
dynamics exhibit two phenomena (see Fig. 1): i) a slow
gradual build-up of the spatial temperature distribution
over the total duration of the sequence, extending
several hundred microns deep into the tissue (see Fig.
1), with the long-duration surface temperatures (TY)
typically below 50-70°C; as well as ii) intense short-
duration thermal pulses resulting from individual laser
pulses i, with peak temperatures (Tmaxi) above 80°C at
the surface, leading to intense heat-shock
biomodulation leading to a regeneration of deepet-lying
tissues [22]. The Fotona SMOOTH® treatment thus
represents a unique combination of the actions of two
regenerative mechanisms involving both a short-
exposure and a long-exposure biochemical process.
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Fig. 1: Er:YAG laser’s smooth-resurfacing pulse sequence
(example for N = 6 is shown) and resulting temperatures.
Due to the fast thermal diffusion from the heated = 1-3 um
thin superficial tissue layer, the duration of the thermal
exposure (texp) to high temperature peaks Tmax-i is
extremely short (texp < 1 ms). The temperature Ts is the final
sequence temperature, representing the long-duration
temperature exposure.

b) Robotic T-Runner for skin tightening

For skin tightening, a special T-Runner™ robotic
scanner has been introduced that automatically
distributes high repetition rate Er:YAG laser pulses
with individual laser spot size (d) over a larger skin
treatment area, ensuring that each treatment spot
experiences irradiation by a large number of pulses at
an appropriately reduced repetition rate [2]. The T-
Runner thus enables an overall area treatment speed at
the laser’s maximal output power capability while

intelligently preventing any undesired local superficial
temperature build-up. Using this technology, it is
possible to distribute the delivered energy over a large
number of low-fluence pulses, as required for
superficial triggering and deep skin coagulation, without
the need for local or general anesthesia.

The T-Runner robotic scanner operates in a variable
V-Smooth mode that consists of six micro pulses within
the adjustable macro pulse duration (125-625 ms). By
selecting the V-Smooth duration, fluence, and total
number of delivered V-Smooth pulses, the T-Runner
technology enables the practitioner to control the effect
of the performed smooth-resurfacing to be either
predominantly superficially triggering at one extreme,
predominantly deep coagulative at the other extreme, or
a combination of both mechanisms in-between.

The goal of our study was to determine which of the
above three main protocol choices is most effective for
skin regeneration, and to evaluate the contribution of
the superficial heat-shock triggering to the over-all
tissue regeneration process. The results of the different
smooth-resurfacing  protocols  were  evaluated
histologically and clinically.

II. MATERIALS AND METHODS

a) Laser

The laser used was an SP Dynamis Er:YAG (A =
2940 nm) laser system equipped with the T-Runner®
robotic scanner (both manufactured by Fotona, d.o.0.).
The T-Runner robotic scanner operated in a variable
Fotona SMOOTH® (V-Smooth™) mode that delivers
V-Smooth™ macro pulses consisting of six consecutive,
equally spaced micro pulses i, within adjustable macro
pulse durations of V-Smooth = 125, 250, 375, 500 or 625
ms. A larger number of micro pulses can be delivered by
stacking several (Ngac) V-Smooth macro pulses. The
resulting over-all number of delivered micro pulses is N
= 6 x Nstack, with the irradiation duration (t;) equal to ts
= V-Smooth X Nyuck. The over-all delivered Er:YAG
laser fluence (in J/ cm?) was equal to Fs = N x F;,, where
F, is the single micro-pulse fluence.

The T-Runner robotic scanner is equipped with two
separate distance holders, resulting in two scan area
sizes (“Face” and “Body”), optimized for treating either
smaller (single scan area: = 4 x 4 cm?) or larger (single
scan area: = 8 x 8§ cm?) body areas. The choice of the
distance holder also determines the corresponding
individual laser spot size (d = 7 mm for “Face” or d =
9 mm for “Body”).

STP heat pain and coagulation depth indicator.
Based on the results of a detailed heat pain threshold
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study [24], and smooth-resurfacing numerical model
calculations [2, 3, 22, 24|, the Dynamis laser system
software includes an advanced intelligent algorithm for
determining the STP (Surface Temperature Parameter)
value and the coagulation depth z. that are automatically
calculated and displayed on the wuser interface,
depending on the selected V-SMOOTH mode
parameters. The STP varies with the selected laser
parameters and is dependent on the patient’s sensitivity
in the range of STP =< 85-110% for parameters resulting
in a pain threshold temperature in the range of T = 45-
50°C for treatments without anesthesia. Similarly, the
STP value is in the range of STP = 110% -140% (Ts =
50-53°C) for treatments below the pain threshold when
topical anesthesia is used. While the pain threshold
varies from patient to patient, the STP feature provides
the practitioner with initial information about whether
the selected combination of parameters is within the
safe and comfortable range.

b) Protocol analysis

An analysis was performed in order to pre-select
clinical protocols to be tested. We applied: i) a
numerical model of the physical process of tissue
resurfacing, with the details of the physical model and
parameters used described in [2, 23, 24]; and ii) an
Arrhenius damage integral-based VHS (Variable Heat
Shock) chemical model of the tissue response to the

short-duration and long-duration thermal exposures, as
described in [2, 3, 22, 24].

According to the VHS model, the critical
temperature for irreversible tissue damage represents a
combined effect of two limiting Arrhenius’ processes
(See Fig. 2), defining cell viability at extremely long and
short exposure times, texp [22].
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Fig. 2: VHS (Variable Heat Shock) model of tissue response
[22]. For wvery short thermal exposures the critical
temperature is significantly higher than what would be
expected from a single Arrhenius’ dependence determined
for thermal exposures longer than about 1 second.
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The analysis of the level of superficial triggering
(Atig), and of the deep-tissue response represented by
the coagulation depth (z.) was made for treatments at
the patient’s pain tolerance threshold for two smooth-
resurfacing conditions: without and with topical
anesthesia.

Amplitude of short-exposure superficial
triggering. As can be seen from Fig. 2, for extremely
short duration thermal exposures (tes, < 1 ms), such as
encountered during exposures to high temperature
peaks Tmai during Er:YAG smooth-resurfacing (see
Fig. 1), the critical temperature is above the soft tissue’s
threshold temperature of 256°C required for Er:YAG
laser ablation [22]. This means that despite their
intensity, the high temperature peaks Tmaxi (see Fig. 1)
are not expected to cause irreversible damage. Instead,
they result in heat-shock generated biomodulation,
representing an additional, indirect mechanism of
action for regenerating epithelial and deeper-lying
connective tissues [1, 22, 25-29], which is
complementary to the conventional direct slow
stimulation of fibroblasts [30]. The superficial heat-
shocking resembles the micro-needling technique,
aimed at stimulating tissue renewal through triggering
cell-to-cell communication and wound-healing like
response, without inducing epidermal injury through
removal or ablation [31, 32]. The smooth-resurfacing
laset-induced heat-shock biomodulation mechanism
can thus be viewed as non-ablative thermal “needling”
(i.e., triggering) of the total treated skin surface, with the
action of the spatially sharp needles being replaced by
the action of temporarily “sharp” but spatially extended
heat-shock pulses.

The amplitude of supetficial heat-shock triggering
was evaluated by assuming that the level of thermal
“needling” is related to the superficial damage resulting
from the short-duration exposures, the probability Pi of
thermal damage caused by each pulse, i = 1...N,
calculated from

Py =1—exp(—(Y), 1

where the tissue damage response € was calculated
using a standard Arrhenius rate equation [33-36].

The probability-summation model [37, 38] was used
to calculate the cumulative short-exposure Arrhenius
process damage to the superficial tissue layer, following
a series of i = 1...N, intense short-duration thermal
exposures to Tmax.i.

Psuperf=1_(1_P1)(1_P2)"- (1—Py), @

and the superficial tissue response Qqupers Was then
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obtained using Eq. 1, with P; and €; replaced by Pyupers
and quperf-

Itis to be noted here that although generally there is
a cumulative effect in multiple-pulse exposures [39], the
cumulative mechanism may vary depending on the type
of tissue and irradiation [38, 39]. This means that, the
shott-exposure tissue tresponse (superr as calculated
using the probability-summation model should be
taken merely as an indication of the actual amplitude
(Auig) of heat-shock triggering (Auig = Qqupert), and not
as the absolute superficial tissue damage.

Long-exposure deep-tissue coagulation. The deep-
tissue damage integral Qqeep resulting from the long-
duration temperature extending deeper into the tissue
(see Fig. 3) is characterized predominantly by the long-
pulse exposure process. It was calculated by integrating
the damage over temperature instead of over time,
using the algorithm developed for calculating tissue
damage for temporally non-square-shaped thermal
exposure pulses [2, 3, 22, 24]. The coagulation depth zc
was obtained as the tissue depth below which the
calculated cell injury Qqeep was smaller than 0.5.
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Fig. 3: Example of the spatial temperature profile extending
deep into the tissue by the end of a pulse sequence
A=N;t=ty.

c) Treatment protocol

Altogether, 15 healthy volunteers were included in
the clinical study. A signed informed consent was
obtained, and the procedure was performed according
to the Declaration of Helsinki. Volunteers were treated
in four weekly sessions using different treatment
protocols on the abdomen or neck.

The protocol analysis revealed three distinct
treatment regimens for smooth-resurfacing:

Intense smooth-resurfacing protocol for maximal
superficial heat-shock triggering (with resulting high
heat-shock  triggering  amplitude and shallow
coagulation depth);

Deep hyper-stacking smooth-resurfacing
protocol for maximally deep thermal stimulation (with

low heat-shock triggering amplitude and deep
coagulation depth); and
HyperStack™  smooth-resurfacing  protocol

consisting of hyper stacking of laser pulses for
combined superficial triggering and deep-thermal
stimulation within a single procedure (with medium
of heat-shock triggering amplitude and
coagulation depth).

values

In the initial stage of the study, the abdomens of
three female patients were treated using topical
anesthesia, with each patient treated with one of the
three basic smooth-resurfacing clinical protocols as
selected based on the protocol analysis (see Table 1).
The Er:YAG laser treatment fluences Fs in these
protocols were adjusted to result in the highest possible
below-pain threshold value of STP = 110% - 140% for
smooth-resurfacing under topical anesthesia.

The topical anesthesia was applied 20 minutes prior
to a treatment, and consisted of Benzocaine 15%,
Lidocaine 15% and Procaine 15% in a water
preparation.

Table 1: Three types of clinical protocols (Intense,
Deep hyper-stacking HyperStack) used in the study.

T-Runner Body Protocol INTENSE DEEP HYPER
with topical HYPER
anesthesia
V-SMOOTH mode ms 625 625 625
Fluence F; J/cm? 4.2 14 11
Nistack / 2 20 11
STP % 111 137 140
C lation depth
e ation dept pm 111 780 522
HEAT shock trig.

shock trig / 0.98 0.054 0.24
A,

Based on the initial results that showed the
HyperStack™ protocol to result in the largest pro-
collagen expression, the next stage of the study focused
on the HyperStack™ protocol only. Histological results
were for one of the patients followed at 21 days and 3
months following the treatment.

d) Histology and imunohistochemistry

In five of the patients, punch biopsies were taken
under local anesthesia using injectable 2% lidocaine to
evaluate the tissue damage as well as tissue
improvement. Biopsies were embedded in formalin and
paraffin. For a general view of the tissue, structural
organization sections were stained  with
hematoxylin/eosin.
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Masson's trichrome and immunohistochemistry
using antibodies against pro-collagen type I (TaKaRa,
Bio Europe S.A., Gennevillier, France) were used for
more detailed examination [19]. The activation of
“positive”  fibroblasts was observed by staining
antibodies that were generated against active collagen
type I - producing fibroblasts. Microscopic observation
was performed with a standard optic microscope
(Primo Star, Carl Zeiss, Germany) with magnifications
of 4X, 10X, 40X, and 100X. The clinical-histological
correlation was performed to determine the pro-
collagen formation.

e) Measurement of skin shrinkage

Waist circumference. Since tightening of abdominal
skin displaces the umbilical level line, the bones (that do
not displace) were used for reference (See Fig. 4).

Natural Lowest Rib

Waist —p- ‘ \\# ~——— Midpoint

1

lliac Crest (llium)

Fig. 4: Landmarks used for measuring waist circumference.
Tmage: Gray H. Anatomy of the Human Body. (1918). FIG. 409.

The patient was asked to stand upright, and the
distance between the iliac crest and the lower rib was
measured on both sides. A white pencil dot was placed
right at the midpoint of each flank.

The waist circumference was measured with a cloth
metric ruler around the waist in the midpoint line,
established by the two white reference points (see Fig.
5). Measurement of the waist circumference was made
after asking the patient to exhale completely and hold
their breath for several seconds.

the inferior margin of\
the ribs

midline level
umbilical level ==-=4-====-=---~

the superior border of
the iliac crest

Fig. 5: Measurement of the size of the natural waist at the
midline level. Note that the midline level (B) is not equal to
their umbilical level (A) in all patients.

Neck circumference. When measuring the neck
circumference, the chosen reference point was the
upper edge of the thyroid cartilage (see Fig. 6). The
patient was asked to be in an upright position with the
head and chin at a normal 90° angle from the rest of the
body (not looking up or down). The reference point
was marked as shown in Fig. 6. A cloth metric ruler was
used to measure neck circumference using a drawn
reference point. The measurement was taken after the
patient was asked to exhale.

Hyoid bone

Draw reference (Os hyoideum)

point here ——+— Thyrohyoid Membrane

(Membrana thyrohyoidea)

Thyroid cartilage
(Cartilago thyroidea)

Musculus
cricothyroideus
Pyramidial lobe
(Lobus pyramidalis)
Left lobe

(Lobus sinister)
Isthmus

Right lobe
(Lobus dexter)

-t
ji Trachea
—
— j
e

Fig. 6: Landmark used for measuring the neck circumference.

ITI. RESULTS

a) Histological evaluation of smooth-resurfacing

protocols

Figure 7 shows the number of positive fibroblasts
(*F) as measured using immuno-histochemical staining
of histological samples with pro-collagen type I
antibody at different skin depths 21 days following the
treatment with three types of smooth-resurfacing
protocols:  Intense, Deep  hyper-stacking  and
HyperStack™ (see Table 1 for the protocol parameters).
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Fig. 7: Number of pro-collagen type I positive fibroblasts
("Fa1ays) at tissue depths 200, 800 and 1600 pm at 21 days
after the completed 4-session treatment using three types of
smooth-resurfacing protocols presented in Table 1. Results
for the untreated skin are also shown.

Similarly, Fig. 8 shows the gain (G) in the number of
positive fibroblasts (*F) depending on the skin depth and
performed protocol, where the gain (G) is defined as

— + +
G = 100% ( F21 days/ Funtreated - 1)' (3)
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Fig. 8: Gain (G) in the number of pro-collagen type I positive
fibroblasts at tissue depths of 200, 800 and 1600 pm at 21
days following the treatment with the Intense, Deep hyper-
stacking and HyperStack™ protocols.

As can be seen from Figs. 7 and 8, all three protocols
result in the enhanced pro-collagen expression.
However, the combined effect of intense superficial
triggering and deep coagulation as achieved using the
HyperStack™ protocol results in the largest pro-

collagen expression, extending at least up to 1600 pm
deep within the skin.

b) Histological evaluation of the HyperStack™

protocol

Figures 9 and 10 depict the spatial distribution of the
positive fibroblasts and the total number of fibroblasts,
correspondingly, at 21 days and 3 months following the
treatment with the HyperStack™ protocol. The graphs
represent fibroblast values averaged over two separate
abdominal skin samples taken from the same patient.
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Fig. 9: Measured spatial distribution of pro-collagen type I
positive fibroblasts for untreated skin, and at 21 days and 3
months following the HyperStack™ treatment. The lines are
to guide the eye only.
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Fig. 10: Measured spatial distribution of all fibroblasts for
untreated skin, and at 21 days and 3 months following the
HyperStack™ treatment. The lines are to guide the eye only.

As can be seen from Fig. 11 below, the total number
of positive fibroblasts located within the skin at depths

up to 1600 pm doubled at the 21-day follow-up and
increased by 4 times at the 3-month follow up.
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0

Total # of positive fibroblasts

Untreated 3 months

21 days

Fig. 11: Growth of the total number of positive fibroblasts

located within the skin at depths up to 1600 pm at 21 days
and 3 months following the HyperStack™ treatment.
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On the other hand, the total amount of fibroblasts

located within the skin at depths up to 1600 pum
remained unchanged at 21 days following the
HyperStack™ treatment, and then almost tripled at the
3-month follow up (Fig. 12).
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0 T
Untreated

Total # of fibroblasts

21days 3 months
Fig. 12: Evolution of the number of all fibroblasts located

within the skin at depths up to 1600 pm at 21 days and 3
months following the HyperStack™ treatment.

Histological samples of the HyperStack-treated
patients showed improved thickness of the epidermis
(acantosis), significant basal cells hyperplasia, increased
number of papillae, and diffuse presence of white cells
in the dermis with more compact collagen and elastin
tibers (see Fig. 13). Also, the fibrilar component of the
dermis appeared more organized and compact, with
white cell infiltration (restorative reaction) and new
vessel formation. The absence of perianexal adipose
tissue was also observed (Fig. 13).

Pre Laser Tx. 40X

90 days post 4 laser sessions 40X

Fig. 13: Comparison of histological samples before and 90
days after four sessions of the HyperStack™ treatment. An
increased number of fibroblasts can be observed. The fibrilar
component of the dermis appears more organized, and new
vessel formation can also be detected.

c) Clinical improvement

Clinical improvements following HyperStack™
treatment correlated with the histological results. A
reduction of subcutaneous fat, superficial skin
tightening and a reduction of sagging skin were
observed post-treatment, resulting in an improved
aesthetic appearance (Fig. 14).

Patients reported a feeling of warmth in the treated
areas, and in some cases mild pain or discomfort. Post-
treatment erythema lasted for few hours. No edema or
other side effects were reported post treatment.

Fig 14: Clinical effect of the HyperStack™ treatment with T-
Runner. Case 1: before, 30 and 150 days after four sessions
(above from left to right) and before and Case 2: 90 days after
3 sessions (below from left to right). A reduction of
subcutaneous fat, superficial skin tightening and a reduction
in the waist circumference can be observed.

Although waist reduction was observed for all
protocols, the superiority of the HyperStack™ protocol
can also be concluded from Fig. 15, which shows the
measured reduction in the waist circumference at 21
days, 3 months and 5 months following the treatment
using different protocols. At 21 days the Intense
protocol resulted in the largest reduction, however, it
did not continue to improve at longer follow-ups. On
the other hand, the HyperStack™ protocol caused the
skin tightening process to continue for up to 5 months
following the treatment, resulting in the largest final
waist reduction.
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Fig. 15: Reduction in waist circumference at 21 days, 3 months
and 5 months following 4-session treatments using the Intense,
Deep hypet-stacking or HyperStack™ protocols.

Figure 16 shows an example of a treated neck of a
male patient. The measured reduction in the neck’s
circumference was 1.5 cm after two sessions using the
HyperStack™ protocol.

Fig. 16: Measurement of neck tightening following smooth-
resurfacing. A reduction in the neck’s circumference and
superficial skin tightening was observed.

IV. DISCUSSION

The main goal of non-ablative “smooth-
resurfacing” is to initiate remodeling of the sub-
epithelial layer by activating the wound healing process
in the skin. It has been shown that the healing response
to thermal injury differs from the typical response after
mechanical skin wounding (26). Thermal injury induces
a rapid expression of heat-shock proteins that are
regarded as key factors in the skin remodeling phase
following laser treatment (26).

Collagen is the main structural protein in the
extracellular matrix of the skin. In the healing wound,
collagens are synthesized by cells such as fibroblasts and
modified into complex morphologies. The type,
amount and organization of collagen changes in the
healing wound and determines the tensile strength of

the healed skin. Collagen III is the first to be
synthesized in the eatly stages of wound healing and is
replaced by collagen I, the dominant skin collagen.

Fibroblasts play a crucial role in the production of
collagen throughout the entire wound healing process
following smooth-resurfacing treatment. In this study
the activation of the healing process was measured by
observing new collagen type I syntheses using immune-
histochemical staining of pro-collagen type I fibroblasts
(i.e., positive fibroblasts), and as well by measuring the
total fibroblast count. The study shows that at early
stages (21 days after the treatment) the collagen type I
is produced mainly by the activation of existing
fibroblasts. This can be seen from the increase in the
number of positive fibroblasts (Fig. 11; 21 days) within
the unchanged total number of fibroblasts (Fig. 12; 21
days). In the next stage an enhancement of the
fibroblast proliferation occurs as well, resulting in a 2.6
x increase in the total number of fibroblasts (Fig. 12; 90
days). Altogether, after 90 days the number of positive
fibroblasts was measured to increase by a factor of
almost 4 (Fig. 11; 90 days), resulting in a further
enhancement of the production of new collagen during
the second stage.

The above findings are consistent with the results of
a previously published study showing an elevation of
procollagen I and III levels throughout the upper to
mid dermis from 1 week to 3 months following
Er:YAG laser smooth-resurfacing [10], and as well with
previous studies on women with stress urinary
incontinence (SUI) and genitourinary menopause
syndrome (GMS), where increased fibroblast counts
with signs of synthetic activity was observed at 2
months after smooth-resurfacing laser therapy [1].

The Er:YAG laser-generated heat dynamics during
smooth-resurfacing exhibits a unique superficially
intense heat-shock triggering phenomena, in addition to
the conventional stimulation of fibroblasts through the
gradual build-up of the spatial temperature distribution
extending several hundred microns deep into the tissue.
When the patient’s pain tolerance is used as the
treatment safety criteria for selecting appropriate laser
parameters, this heat dynamics leads to three distinct
treatment protocol regimens: i) Intense smooth-
resurfacing for maximal superficial heat-shock
triggering with relatively low coagulation depth; ii)
Deep hyper-stacking smooth-resurfacing for maximal
deep-thermal  stimulation with low heat-shock
triggering amplitude; iii) HyperStack™  smooth-
resurfacing which combines the effects of superficial
triggering and coagulation, resulting in medium heat-
shock triggering amplitudes, Aw, and medium
coagulation depths, g, (See Table 1). In this study, the
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HyperStack™ regimen was found to be the most
effective considering the obtained histological and
clinical results.

Relative effectiveness of smooth-resurfacing
protocols. When comparing the effects of the three
smooth-resurfacing protocols, one must also take into
account the maximal treatment fluence (F) that can be
delivered with each of the protocols without causing
intolerable discomfort to the patient.

Measurements of the pain threshold have shown
that the feeling of pain depends predominantly on the
final skin temperature (T}; see Fig. 1) that is reached at
the end of the smooth-resurfacing laser pulse sequence,
and not on the short high-temperature peaks (1lu). It
has also been shown that the temperature increase AT}
= T;- Ty above the initial skin temperature Ty depends
on the delivered fluence (Fy) and the treatment
sequence duration (%) according to

AT, ~ A,.F.tks, )

where for cutaneous tissues, 4, = 84 and K, = - 0.43.
As can be concluded from Eq. 4, longer smooth-
resurfacing sequences result in lower final skin
temperatures, and therefore with longer sequences,
higher fluences can be delivered for the same level of
patient discomfort.

During the Intense protocol, the total fluence is
delivered in a series of intense micro pulses. This means
that the pain threshold temperature is reached after a
smaller number of pulses, and therefore also within a
shorter time, % On the other hand, with the Deep
protocol, the total fluence is delivered in a longer series
consisting of a larger number of low-intensity micro
pulses. Therefore, as compared to the Intense protocol,
higher total fluences can be delivered with the Deep
hyper-stacking protocol before exceeding the pain
threshold temperature and the corresponding STP
limit. This can also be seen from Table 1, where
treatment fluences below the pain threshold are shown
to be F, = 4.2, 11 and 14 J/cm? for the Intense,
HyperStack™ and Deep hyper-stacking treatment
protocols, correspondingly. The HyperStack™ fluence
is thus in between the values for the Intense and Deep
protocols.

Therefore, in order to compare the actual
effectiveness of the three protocols from a biochemical
standpoint, the differences in the delivered fluences
must be also taken into account. This can be done by
considering the gain coefficient ¢ = G/, representing
the gain in positive fibroblasts (see Eq. 3) normalized to
the delivered fluence F;. The resulting gain coefficients

for the three protocols described in Table 1 are shown
in Fig. 17.
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Fig. 17: Gain coefficient g = G/F,, for the number of pro-
collagen type I positive fibroblasts at tissue depths of 200,
800 and 1600 um at 21 days following treatment with the
Intense, Deep hyper-stacking and HyperStack™ protocols.

As can be concluded from Fig. 17, the Intense
protocol characterized by high superficial heat-shock
triggering amplitude (Any) results in a higher pro-
collagen expression in the superficial skin layers, in
comparison to the Deep hyper-stacking protocol that
triggers the synthesis of collagen type I in deeper tissue
layers by the mechanism of standard tissue coagulation.
This finding is in agreement with the previously
postulated superficial heat-shock triggering mechanism
[2, 3, 22, 24]. The superficial heat shocking resembles
the micro-needling technique, aimed at stimulating
tissue renewal through triggering  cell-to-cell
communication and a wound-healing like response,
without inducing epidermal injury through removal or
ablation [31, 32]. The smooth-resurfacing laser-induced
thermal triggering mechanism can thus be viewed as
non-ablative thermal “needling” (i.e., triggering) of the
total treated skin surface, with the action of the spatially
sharp needles being replaced by the action of
temporarily “sharp” but spatially extended heat-shock
pulses.

With the HyperStack™ protocol, a combined effect
of superficial triggering and deep coagulation can be
observed resulting in the stimulation of collagen type 1
synthesis up to 1600 pm deep at the 3-month follow up
(Figs. 9, 10 and 17). The effect of tissue regeneration
extends deeper than the coagulation depths predicted
by the numerical model (see Fig. 17 and Table 1). This
observation is tentatively attributed to the additional
heat-shock triggering mechanism that accompanies
treatments with short-duration Er:YAG pulses.

Recommended HyperStack™ parameters. The
most effective smooth-resurfacing protocol was found
to be the HyperStack™ protocol, which is based on
activating both the heat-shock triggering and the deep-
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tissue coagulation mechanism. The model simulations
and clinical results indicate that higher levels of
superficial heat-shock triggering and deeper coagulation
can be achieved when using parameters resulting in
higher STP values. For STP values above the patient’s
discomfort tolerance, the use of topical anesthesia is
recommended.

Tables 2 and 3 below show the recommended
ranges of the HyperStack™ treatment parameters
without (Table 2) or with (Table 3) topical anesthesia
when using a full-beam T-Runner scanner with a
Dynamis laser system. It is to be noted that these
protocols should serve only as basic treatment
guidelines. It is recommended that the operator selects
the parameters depending on the individual patient’s
sensitivity to discomfort. Especially when exceeding the
STP values of 100%, a small test area/spot treatment is
recommended to be performed prior to the full-area
treatment.

Table 2. Recommended range of HyperStack™
smooth-resurfacing parameters for the Fotona
Dynamis laser devices equipped with the full-beam
T-Runner robotic scanning handpiece. Four sessions
performed without topical anesthesia (if tolerated by
the patient) and separated by at least one week are
recommended.

T-Runner Face
w/o topical
anesthesia
V-SMOOTH
mode

HyperStack smooth-resurfacing

ms 500 500 625 625 625 625

Fluence, Fs J/em? 54 6.6 6.0 7.2 6.3 9.0

Nk 7 6 6 6 6 7 10
STP % 98 120 99 119 97 119
Coagulati
cagulation m 97 187 110 207 111 301
depth, z.
Heat shock
cat shoe /011 030 019 039 022 014
trig., As

Table 3. Recommended range of HyperStack™
smooth-resutfacing parameters for the Fotona
Dynamis laser devices equipped with the full-beam
T-Runner robotic scanning handpiece. Four sessions
performed using topical anesthesia and separated by
at least one week are recommended.

T-Runner Body &
Face

HyperStack smooth-resurfacin,
w/o topical YP g

anesthesia
V-SMOOTH mode ms 625 625 625 625 625 625
J/em? 9.6 9 9.6 10.8 11.7 11

Fluence, F,

Nower 7 12 10 1112 13 11
STP % 117 119 126 132 138 140
—
fzo)a gulation depth, 333 301 388 481 576 522
Heat shock
cat s1oc /004 014 015 015 017 024
triggering (Awg)

V. CONCLUSIONS

The results of this study are consistent with previous
reports that smooth-resurfacing with Er:YAG laser
possesses a unique, non-ablative regenerative
characteristic, whereas the standard deep-thermal
coagulation is accompanied and enhanced by an
additional  intense  heat-shock  biomodulation
mechanism.

When comparing different smooth-resurfacing
protocols, the obtained immuno-histological data
indicates that the most effective protocol is the
HyperStack™ protocol based on activating both the
intense heat-shock biomodulation and the deep-tissue
coagulation mechanisms.

The tissue regeneration process petsists for more
than 3 months following the HyperStack™ smooth-
resurfacing, as can be seen from the total amount of
positive fibroblasts located within skin depths of up to

1600 pm, which was shown to double at the 21-day
follow up and to increase by 4-fold at the 3-month
follow up (Fig. 11). The waist circumference was
measured to decrease by 2 cm at 21 days, 5 cm at 3
months and 6 cm at 5 months following the
HyperStack™ treatment of abdominal skin (Fig. 15).
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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 medical

equipment manufacturers.

When in doubt, please check with the

manufacturers about whether a specific product or application has been
approved or cleared to be marketed and sold in your country.
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