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ABSTRACT
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Background: The histologic responses to varied parameters of 1,927-nm fractional thulium fiber laser
treatment have not yet been sufficiently elucidated. Objective: This study sought to evaluate histologic
changes immediately after 1,927-nm fractional thulium fiber laser session at various parameters.
Methods: The dorsal skin of Yucatan mini-pig was treated with 1,927-nm fractional thulium fiber laser
at varied parameters, with or without skin drying. The immediate histologic changes were evaluated to
determine the effects of varying laser parameters on the width and the depth of treated zones. Results:
The increase in the level of pulse energy widened the area of epidermal changes in the low power level,
but increased the dermal penetration depth in the high power level. As the pulse energy level increased,
the increase in the power level under the given pulse energy level more evidently made dermal
penetration deeper and the treatment area smaller. Skin drying did not show significant effects on
epidermal changes, but evidently increased the depth of dermal denaturation under both high and low
levels of pulse energy. Conclusion: These results may provide important information to establish
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treatment parameters of the 1,927-nm fractional thulium fiber laser for various skin conditions.

Introduction

The 1,927-nm laser has high absorption in water and delivers
energy to both the epidermis and the upper dermis (1). As the
laser can target dermal as well as epidermal lesions, it can improve
not only epidermal processes including pigmentation but also
dermal conditions with induction of collagen regeneration (1).
Previous clinical studies of the 1,927-nm fractional thulium fiber
laser have demonstrated its effectiveness in the treatment of pig-
ment disorders including melisma (1-5), lentigines (5,6), and
postinflammatory hyperpigmentation (7), and other superficial
lesions including seborrheic keratosis (8), actinic keratosis (9),
and disseminated superficial actinic porokeratosis (10).
Furthermore, several studies have also shown that the laser
improves photoaging (6), wrinkling (1,3,5,6), skin laxity (1) and
texture (3), enlarged skin pores (3), and scar (11), which seems to
result from the dermal effect of the laser.

Over the years, the 1,927-nm thulium laser has been applied
to clinical practice in dermatology using a fractional device
(1,3-14). The treatment setting of the device has been based
on the pulse energy level, and neither the level of power nor
pulse duration could be modified by surgeons. However, a
novel 1,927-nm fractional thulium fiber laser device that allows

controlling the power level and pulse duration separately has
been introduced recently.

Considering that the 1,927-nm laser device can be used for a
variety of indications including both epidermal and dermal
conditions, an optimal parameter for each condition should be
determined. However, there have not yet been studies on the
histologic responses to varied parameters of 1,927-nm fractional
laser treatment. Thus, this study sought to evaluate histologic
changes immediately after 1,927-nm fractional thulium fiber
laser session at various parameters.

Materials and methods

A female Yucatan mini-pig was used for the study. The pig was
acclimatized for 1 week prior to procedures. All procedures were
performed according to the normal light cycle of the animal, and
food was not given for 12 hours prior to procedures. Prior to
procedures, the pig received general anesthesia with orotracheal
intubation, and twelve 4 x 4 cm? areas were marked on the back
of the animal. Hairs on the test sites were shaved using electric
clippers, and then the topical anesthetic cream (EMLA® 5%
cream, AstraZeneca, Sodertilje, Sweden) was applied. The area
was washed with water after 30 minutes.
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Treatments were performed using a 1,927-nm fractional thu-
lium fiber laser device (Lavieen™, Won Tech Co., Ltd., Daejeon,
Korea) and delivered to the mapped test sites on the back at
various parameters indicated in Table 1. Just before the laser
treatment, the skin within areas 10 and 11 was dried with a hair
dryer.

To examine histologic changes after the laser treatments,
4-mm punch biopsies were taken immediately after treat-
ment. Immediately after biopsies, the obtained tissue samples
were fixed in formalin overnight and then embedded in
paraffin. The samples were cut into slices, stained with
hematoxylin and eosin, and then imaged using a light micro-
scope. From the stained sections, the dimensions of indivi-
dual treated zones were determined. The dimensions
represent the width of the affected epidermis and the depth
of the denatured dermis.

Linear effect models were fitted to evaluate the effects of varying
laser parameters including levels of pulse energy and power, pulse
stacking, and skin drying on the dimensions of treated zones. The
means of each level of the factors were compared with adjustment

Table 1. Laser parameters for treatment areas.

Area Power (W) Duration (msec) Stack number Drying
1 10 1 1 No
2 10 1.6 1 No
3 10 2 1 No
4 5 2 1 No
5 10 15 1 No
6 5 3 1 No
7 5 4 1 No
8 10 1 2 No
9 10 2 2 No
10 10 1 1 Yes
1" 10 1.6 1 Yes
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for multiple testing using false discovery rate correction. The data
were analyzed using statistical software R version 3.3.1 (The R
Foundation for Statistical Computing, Vienna, Austria), and a
p-value of <0.05 was considered statistically significant.

Results

The 1,927-nm fractional thulium fiber laser produced a pattern of
microscopic spots surrounded by unaffected normal skin. The
representative histology is shown in Figure 1. Histologic examina-
tions of individual laser-treated zones revealed relatively intact
stratum corneum, coagulation necrosis of epidermal cells, and
well-defined intraepidermal and dermoepidermal clefts. The clefts
were surrounded by the overlying stratum corneum, necrotic
epidermal cells, and denatured areas of the upper dermis.

Effects of the level of pulse energy on the epidermal
change and dermal denaturation

At the low power level (5 W), the width of the affected epidermis
was significantly affected by the level of pulse energy (p < 0.01).
The width of the epidermal change was largest at the highest level
of pulse energy, and smallest at the lowest level of pulse energy
(Table 2, and Figure 1D, 1F, and 1G). However, the depth of the
denatured dermis was not significantly changed according to the
level of pulse energy (p = 0.14). In contrast, at the high power level
(10 W), the depth of the dermal denaturation was significantly
affected by the level of pulse energy (p < 0.01). The dermal depth
was largest at the highest level of pulse energy and smallest at the
lowest level of pulse energy (Table 2, and Figure 1A, 1C, and 1E).
However, the epidermal width was not significantly changed
according to the level of pulse energy (p = 0.22).

Figure 1. Histological appearance immediately after 1,927-nm fractional thulium fiber laser treatment at various parameters. The results at treatment areas 1-11

correspond to panels A-K respectively (hematoxylin and eosin stain; x100).
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Table 2. Effects of the level of pulse energy on the epidermal change and
dermal denaturation.

Epidermal width (um) Dermal depth (um)

Power (W)  Energy (m)J) Mean + SE P Mean =+ SE P
5
10 195.2 + 16.1 <0.01 448 + 11.2 0.14
15 256.1 + 20.5 68.8 + 3.8
20 403073 85.5 + 8.8
10
10 229.2 +£ 204 0.22 33.0 + 39 <0.01
15 2780 + 94 96.1 = 0.4
20 282.6 + 15.3 176.2 + 27.4

Effects of the level of power on the epidermal change and
dermal denaturation

As the same level of pulse energy can be delivered in different
ways by altering the level of power, it was assessed whether the
tissue reaction is different or not according to the level of power
under the given level of pulse energy. At the low level of pulse
energy (10 mJ), neither the epidermal width nor the dermal depth
was significantly affected according to the level of power (p = 0.33
and p = 0.36, respectively; Table 3 and Figure 1A and 1D). At the
intermediate level of pulse energy (15 mJ), the higher power level
(10 W) induced significantly deeper dermal denaturation
(p < 0.01; Table 3 and Figure 1E and 1F), but the epidermal
width was not significantly altered by the level of power
(p = 0.42). At the high level of pulse energy (20 m]), the higher
power level (10 W) made significantly narrower epidermal
changes and deeper dermal denaturation (p < 0.01 and p = 0.03,
respectively; Table 3 and Figure 1C and 1G).

Effects of pulse stacking on the epidermal change and
dermal denaturation

At the low level of pulse energy (10 m] per pulse), pulse
stacking resulted in both wider epidermal changes and deeper
dermal denaturation (p < 0.01 for both; Table 4 and Figure 1A
and 1H). In contrast, at the high level of pulse energy (20 m]

Table 3. Effects of the level of power on the epidermal change and dermal
denaturation.

Epidermal width (um) Dermal depth (um)

Energy (mJ)  Power (W) Mean =+ SE P Mean + SE P
10
5 195.2 + 16.1 0.33 448 +11.2 0.36
10 229.2 + 204 33.0 £ 39
15
5 256.1 £ 20.5 0.42 68.8 + 3.8 <0.01
10 278.0 £ 94 96.1 = 0.4
20
5 4030+ 73 <0.01 85.5 + 8.8 0.03
10 282.6 £ 15.3 176.2 + 27.4

Table 4. Effects of pulse stacking on the epidermal change and dermal denaturation.

Epidermal width

per pulse), the width of the epidermal changes was signifi-
cantly increased by pulse stacking (p < 0.01; Table 4 and
Figure 1C and 1I), but the depth of dermal denaturation
was not significantly affected by pulse stacking (p = 0.44).

Effects of skin drying on the epidermal change and
dermal denaturation

At both the low level (10 m]J) and the high level (16 m]) of pulse
energy, skin drying significantly increased the depth of dermal
denaturation (p < 0.01 and p = 0.01, respectively; Table 5 and
Figure 1A, 1B, 1] and 1K). In contrast, the width of epidermal
changes was not significantly altered by skin drying at either
the low level or the high level of pulse energy (p = 0.46 and
p = 0.10, respectively).

Discussion

To the best of our knowledge, this is the first study on the
histologic changes of the skin at various treatment parameters
of the 1,927-nm fractional thulium fiber laser system. Although
previous studies reported the reaction of the skin tissue to lasers
with wavelengths of 1,940-2,000 nm, they used long pulse dura-
tions (10 msec-10 sec) and large diameters (0.48 cm-1.8 cm)
(15-17). In clinical settings, however, only fractional devices
have come into wide use for dermatologic applications of the
1,927-nm thulium laser (1,3-14). The previous studies using the
nonfractional lasers cannot be directly applied to determine
treatment parameters of the current fractional devices because
of differences in pulse duration and beam diameter. Thus, our
present study may provide important information to establish
treatment parameters of the 1,927-nm fractional thulium fiber
laser for various skin conditions.

This study confirmed the previous findings on the reaction of
the skin to the 1,927-nm thulium laser. The 1,927-nm laser has
high absorption coefficients for water, which results in higher
absorption of laser energy in the dermis than the epidermis (17).
Thus, the stratum corneum remains relatively intact, and the
dermal penetration is limited within the superficial dermis
(15,16,18). Consistent with these characteristics, this study also
showed that the 1,927-nm fractional thulium fiber laser induces
the epidermal necrosis sparing the stratum corneum and collagen
denaturation at the upper dermis within the depth of 200 um.

In our present study, the effects of the pulse energy level on the
skin changes were dependent on the level of power. The increase
in the level of pulse energy primarily widened the area of epider-
mal changes in the low power level, but mainly increased the
dermal penetration depth in the high power level. In addition, the

Table 5. Effects of skin drying on the epidermal change and dermal
denaturation.

(um) Dermal depth (um)
Stack Epidermal width (um) Dermal depth (um)

Pulse energy (mJ) number Mean + SE P Mean + SE P Energy (mJ)  Drying Mean + SE P Mean + SE P
10 10

1 229.2 + 204 <0.01 33.0 %39 <0.01 No 229.2 + 204 0.46 33.0 £ 39 <0.01

2 353.8 £ 5.1 1522 + 44 Yes 250.0 + 5.8 139.7 £ 1.5
20 16

1 2826 + 153 <0.01 176.2 + 274 0.44 No 2246 £ 12.6 0.10 1529 + 33 0.01

2 470.6 + 20.9 207.7 £ 17.2 Yes 3220 £ 253 1943 £79




effects of the power level under the given level of pulse energy
were also dependent on the level of pulse energy. As the pulse
energy level increased, the increase in the power level under the
given pulse energy level more evidently made dermal penetration
deeper and the treatment area smaller. It means that if the same
level of pulse energy is delivered, a higher power level results in
more focal and deeper treatment effects and a longer pulse dura-
tion induces broader and more superficial effects in particular
when the level of pulse energy is high. These findings suggest that
the low energy level should be used to target epidermal lesions
with minimizing dermal effects. To compensate the smaller area
coverage of the low energy level, multipass treatments can be
considered. If the high energy level should be applied necessarily,
the low power level should be employed to reduce dermal
changes. In contrast, to maximize the dermal penetration, a high
level of pulse energy should be delivered at a high power level.

The device used in our present study allows separate manip-
ulation of the power level and pulse duration, and thus they can
be determined by users depending on the target. However, some
fractional thulium fiber laser devices provide only controlling
the level of pulse energy without allowing users to adjust the
power level or pulse duration under the given energy level. To
seek a way for users to more selectively target desired lesions
using such devices, the effects of pulse stacking and skin drying
on the laser tissue interaction were evaluated.

Pulse stacking increased both the width of epidermal changes
and the depth of dermal denaturation under the low level of
pulse energy. Considering that the low energy level is preferred
to target epidermal lesions as discussed above, pulse stacking
may induce unwanted dermal changes when targeting epidermal
lesions. Furthermore, the depth of dermal denaturation was not
affected by pulse stacking in the high level of pulse energy.
Because the high pulse energy level should be used to target
deeper dermal lesions, pulse stacking does not help increase the
treatment effects when targeting dermal lesions. Consequently,
pulse stacking is useful for selectively targeting neither epidermal
nor dermal lesions.

Skin drying did not show significant effects on epidermal
changes, but evidently increased the depth of dermal denatura-
tion under both high and low levels of pulse energy. These
findings may result from the high absorption rate of 1,927-nm
laser for water. Thus, skin drying can be a useful maneuver to
maximize the dermal effects of 1,927-nm fractional thulium fiber
laser when difficult to change other treatment parameters.

This study has several limitations. First, this study used the
porcine skin instead of the human skin. However, the porcine
skin shows great similarities to the human skin in anatomical
and physiological aspects (19). Previous studies on the fractional
laser devices have also shown that the laser tissue interaction of
the porcine skin is very close to that of the human skin (20,21).
Second, this study evaluated the immediate reaction to the laser
and thus cannot determine the long-term histologic changes
after laser irradiation.

In conclusion, the 1,927-nm fractional thulium fiber laser
induces epidermal changes and upper dermal tissue denatura-
tion with relative sparing of the stratum corneum. As 1,927-
nm thulium laser can make varied patterns according to the
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treatment parameters, our results may be a useful considera-
tion to determine the treatment strategy.
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