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One-photon absorption based traditional laser treatment
may not necessarily be selective at the microscopic level,
thus could result in un-intended tissue damage. Our ob-
jective is to test whether two-photon absorption (TPA)
could provide highly targeted tissue alteration of specific
region of interest without damaging surrounding tissues.
TPA based laser treatments (785 nm, 140 fs pulse width,
90 MHz) were performed on ex vivo mouse skin using
different average power levels and irradiation times. Re-
flectance confocal microscopy (RCM) and combined sec-
ond-harmonic-generation (SHG) and two-photon fluor-
escence (TPF) imaging channels were used to image
before, during, and after each laser treatment. The skin
was fixed, sectioned and H & E stained after each experi-
ment for histological assessment of tissue alterations and
for comparison with the non-invasive imaging assess-
ments. Localized destruction of dermal fibers was ob-
served without discernible epidermal damage on both
RCM and SHG + TPF images for all the experiments.
RCM and SHG + TPF images correlated well with con-
ventional histological examination. This work demon-
strated that TPA-based light treatment provides highly
localized intradermal tissue alteration. With further stu-

dies on optimizing laser treatment parameters, this two-
photon absorption photothermolysis method could po-
tentially be applied in clinical dermatology.

RCM and SHG + TPF images comparing before and
after high power fs laser irradiation, demonstrated
highly localized tissue alternation.
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1. Introduction

Lasers can be used to target skin chromophores such
as water, hemoglobin, and melanin to perform fast
and precise treatment on a variety of skin lesions
[1–2]. Laser therapy generates little discomfort dur-
ing and after the treatment, and also has lower risk
of scarring. Common skin conditions that can be
treated using laser therapy include: vascular lesions
(port-wine stains, haemangiomas), pigmented lesions
(freckles, birthmarks, nevi), tattoos, unwanted facial
or body hair, facial wrinkles, sun-damaged skin, ke-
loids, hypertrophic scars, and skin cancers [3–5].

Traditional laser treatment, which is essentially
an one-photon absorption process, has chances of
causing unintended tissue damage at microscopic
level. For example, if the targeted chromophore is
the melanin inside dermis, by focusing the laser
beam onto the targeted melanin, the untargeted
melanin inside epidermis will highly likely to be da-
maged as well due to the absorption to the laser
light. This scenario is relevant for laser treatment of
dermal tumors, hirsutism, hyperhidrosis, etc. Two-
photon absorption (TPA) is a process where two
longer wavelength (near-infrared) photons get ab-
sorbed simultaneously by a molecule, and it only oc-
curs at the focal point. This provides the possibility
of highly targeted tissue alteration of specific dermal
structures without damaging structures in the epider-
mis, and may potentially solve the problem in the
one-photon laser treatment. Interestingly, during the
TPA process, there are natural fluorophores inside
the skin, such as keratin, NADH, melanin, and elas-
tin, which can emit two-photon excitation fluores-
cence (TPF), while non-centrosymmetric structures
such as collagen, can produce second-harmonic-gen-
eration (SHG) signals [6]. This leads to high bio-
chemical specificity detection. Therefore, TPF and
SHG signals can be used to image before and after
the two-photon laser-induced tissue alteration, and
also for monitoring tissue alteration during the high
power irradiation. More advantages of two-photon
excitation include its inherent optical sectioning cap-
ability, deeper penetration depth, less photo-damage
and photo-bleaching of the non-focused areas on the
beam path. We hypothesize that TPA from the skin
will provide precise damage to targeted skin struc-
tures by inducing two-photon absorption photother-
molysis.

The exploration of two-photon absorption based
laser therapies has been growing recently. Two-
photon photodynamic therapy has been demon-
strated using NIR femtosecond (fs) pulses [7]. It is a
photo-chemical process which involves using two-
photon absorbing dye as a photosensitizer, and is
mainly used in cancer treatment. To evaluate two-
photon based photo-thermal effects, an YB: KYW
femtosecond (fs) laser has been used to ablate por-

cine corneal samples. Ablation thresholds were also
determined using three diode pumped solid-state ul-
trafast lasers. It was found that corneal ablation
threshold remained almost constant within the first
200 mm of stroma and was proportional to the square
root of the laser pulse width [8]. The relationships
between the fs laser pulse length, power density,
pulse number, and the cornea excision quality as
well as the resulting tissue morphologies have also
been studied using visible laser wavelengths [9].
However, to our knowledge, there has been no pub-
lished study on TPA based laser treatment on skin.

Therefore, the objective of this study is to explore
the feasibility of two-photon laser absorption for tar-
geted skin modification. We believe that two-photon
laser absorption for targeted skin alteration may po-
tentially be used to precisely treat dermal tumors,
hirsutism, hyperhidrosis, and birthmarks without da-
maging the surrounding normal skin or causing scars.
Here, we present a preliminary study on TPA based
tissue alteration on mouse skin, and we hope this
idea can one day be used as a skin treatment tool
and be adapted into clinic.

2. Experimental

2.1 Animal preparation

Skin excised from the shaved backs of euthanized fe-
male C3H/HeN mice (N ¼ 10) was used in this
study. The skin was oriented on a glass slide with the
epidermal side up and then covered with a glass
coverslip. Distilled water was added in between the
coverslip and the microscope objective for refractive
index matching. All animal experiments were per-
formed according to a protocol approved by the
University of British Columbia Committee on Ani-
mal Care (certificate #: A10–0338).

2.2 Integrated reflectance confocal
microscopy and two-photon imaging system

Our home-made integrated reflectance confocal
(RCM) and multiphoton microscopy (MPM) system
was used for the laser treatment experiment and for
imaging guidance and monitoring. Details of the sys-
tem can be found elsewhere [10]. Briefly a tunable,
fs Ti: Sapphire laser (720–950 nm, 140 fs pulsewidth,
90 MHz, Chameleon, Coherent Inc., Santa Clara, Ca-
lifornia) was used as the excitation source for both
the tissue alteration and the imaging monitoring. To
improve both the illumination and detection effi-
ciency, the 50/50 beamsplitter used in the previous
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system was replaced with a polarization beamsplitter
(PBS) along with a quarter waveplate to effectively
direct both the illumination laser beam to the sample
and the de-scanned reflectance confocal signals to
the RCM detector. The illumination laser beam was
circular-polarized, directed into a 60X (NA ¼ 1.0)
water-immersion microscope objective, and focused
onto the skin. The laser spot at the skin was scanned
using two scanners to generate the RCM and
SHG + TPF images with a speed of 0.067 second per
frame (15 frames/s). Both TPF and SHG signals were
collected onto a single photon detector hereinafter
referred to as the SHG + TPF imaging channel. The
RCM and SHG + TPF images were recorded by a
frame grabber as synchronized independent video
streams. As both the RCM and SHG + TPF imaging
channels share the same laser, scanners, and micro-
scope objective, the RCM and SHG + TPF images are
perfectly registered [9]. A polarizer-l/2 waveplate
combination at the laser exit was used to adjust the
incident laser power at the sample to be 30 mW for
imaging, and 75 mW or 200 mW for tissue alteration/
treatment. The wavelength used for both imaging
and tissue alteration was 785 nm. This wavelength
was selected because: (1) it falls within the tissue op-
tical “window”, where the one-photon absorption of
light by tissue is minimized and tissue penetration
depth is maximized; (2) it matches the wavelength of
our existing CW laser that will be used in the CW
and fs laser comparison experiment. TPA at 785 nm
corresponds to the one-photon absorption in the UV
wavelength range, which has been employed in con-
ventional one-photon phototherapy due to strong tis-
sue absorption.

In order to target at different depths, the micro-
scope objective was mounted on a piezoelectric scan-
ner (MIPOS 500 SG, Piezosystem Jena, Jena, Ger-
many) that allows up to 400 mm of closed-loop
travel. Coarse adjustment of the scanning area was
achieved using a manually actuated 3-axis transla-
tional stage.

Both RCM and SHG + TPF images were ac-
quired before and after the tissue alteration at the
targeted skin layers as well as at vertical levels of
0 mm and 60 mm depth within the skin. For all the
tissue alteration processes, 0 mm depth was defined
as the layer where the uppermost stratum corneum
just can be found in the RCM imaging channel. Dur-
ing the high power treatment irradiation, RCM and
SHG + TPF were also used to monitor the damaging
process. In total, 20 pieces of mouse skin were im-
aged and treated. Three different target depths be-
neath the skin surface (20, 30, and 40 mm) and three
different exposure times (from 0.5 to 3 min) were
tested to study the effects of target depth and irra-
diation period on tissue alteration efficacy (Table 1).

Figure 1 illustrates the horizontal views of the
skin sample (X–Y plane is parallel to the skin sur-

face, Z represents the depth into the skin). The skin
sample blocks are 5 mm � 10 mm size. In order to
orient and localize the target damaged sites for sub-
sequent histologic analysis we initiated the irradia-
tion processes over areas of 150 mm � 150 mm at
1 mm away from one of the long edges of each
sample (Figure 1b). Then, following the irradiation
parameters for each specimen group, we moved
150 mm along the Y-axis to treat the adjacent area

Table 1 Combinations of target depth and laser exposure dura-
tion.

Skin sample
#

1–3 4–5 6–7 8–9 10 11–13 14–16 17–18 19–20

Target
depth (mm)

20 30 30 30 30 40 40 40 40

Irradiation
period (min)

0.5 0.5 1 2 3 0.5 1 2 3

Figure 1 Diagram demonstrating the horizontal view (X–Y
plane) of the epidermal cuts, the line of tissue damages at
dermis layer, and the histological sectioning. The three
skin-colored rectangular blocks represent the horizontal
view of the skin samples, which were 5 mmm � 10 mm size.
(a) Horizontal view of epidermal layer of the skin with two
cuts; (b) Horizontal view of dermal layer with the line of
tissue damage, which consists of several exposure areas
shown as red squared blocks; (c) Horizontal view of sec-
tioning direction on the X–Y plane. Multiple sections were
performed in order to cover the whole line of damage.
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(150 mm � 150 mm) at the same depth Z. By iterating
this process, we were able to create a line of damage
along the Y-direction within an X–Y plane at certain
depth in the dermis that was 1 mm away from both
edges. After each irradiation process, the epidermis
was marked twice in parallel to each side of the la-
ser-induced damaging line using a scalpel (Fig-
ure 1a). The skin samples were then processed, sec-
tioned, and stained with hematoxylin and eosin
(H & E) for histologic examination (Figure 1c). The
damage line induced by the high power laser irradia-
tion, the cutting mark lines, and the histological sec-
tioning are schematically illustrated in Figure 1. Fig-
ure 1a demonstrates the two epidermal cuts, and
Figure 1b shows the line of damage in the dermis
with each exposure unit area of 150 mm � 150 mm.
The skin samples were sectioned perpendicularly to
the epidermal cuts and line of tissue damage. This
allowed us to locate the damaged area in the dermis
with two epidermal cuts as reference in the histologi-
cal slides.

In order to test whether the tissue damages gen-
erated by the ultrafast fs laser are mainly due to
two-photon absorption versus single photon near in-
frared absorption, a control study using a continuous
wave (CW) laser was performed. The CW laser
(I0785SA0100B-TK, Innovative Photonics Solutions,
Monmouth Junction, New Jersey), which has a cen-
tral wavelength of 785 nm, was coupled into the
combined reflectance confocal microscopy and two-
photon imaging system using a flip mirror. This set-
up allows us to switch between the CW laser source
from the fs laser source. The CW laser beam path
was optimized to follow the same fs laser beam path,
allowing the two laser beams to focus at the same
depth within the skin. In this way the reflectance
confocal imaging derived from the CW laser was
used to monitor the CW laser-induced tissue altera-
tion itself, and SHG + TPF imaging from the fs laser
was used before and after the CW irradiation to bet-
ter evaluate the tissue damages. For the CW laser,
the maximum power that can be coupled into the
microscope objective was 60 mW. Therefore, in the
control experiments, for both the CW and fs laser-in-
duced tissue alterations, the following parameters
were the same: 60 mW power, 785 nm wavelength,
30 mm tissue alteration depth, and 70 mm � 70 mm
exposure area. For the fs laser-induced tissue altera-
tion experiment, confocal and SHG + TPF images of
the skin were acquired before, during and after each
high-power irradiation, whereas for the CW laser-
induced tissue alteration experiment only CW con-
focal images were acquired during the tissue treat-
ment process, since there is no SHG + TPF signals
generated in the CW mode. Nevertheless paired
SHG + TPF images generated from the fs laser and
CW confocal images were acquired before and after
each high-power irradiation process. We performed

this comparison experiment at multiple sites on
3 skin samples.

3. Results and discussion

In order to directly monitor the tissue effects, both
RCM and SHG + TPF images were acquired during
the high power laser irradiation treatment. In the
dermis, the main fluorophore that generates TPF is
elastin, and collagen fiber is the structure that gener-
ates strong SHG signals. Figure 2a shows a sequence
of extracted RCM and SHG + TPF video images at 4
different time points during treatment where the tar-
geted depth was 20 mm. The dermis was intact in
both RCM and SHG + TPF imaging channels at 0 s
baseline. With 75 mW of power irradiation, dermal
fiber alteration first became apparent at 3 s. By 9 s
obvious changes were seen in both the RCM and
SHG + TPF imaging channels. We believe that dur-
ing the laser treatment, both elastic and collagen
fibers were denatured due to the increased tempera-
ture, which accounted for the loss of TPF + SHG sig-
nals [11–12]. Figure 2b shows representative RCM
and SHG + TPF images comparing before and after
targeted treatment as monitored at different tissue
depths. Above the targeted layer, the stratum cor-
neum remains qualitatively the same in the RCM
imaging channel at the completion of the laser expo-
sure. Below the 20 mm target layer (i.e. at ~50 mm
beneath the 0 mm surface reference layer), both
RCM and SHG + TPF imaging channels showed
strong signals from dermal fibers that were morpho-
logically very similar before and after treatment. At
the targeted layer (~20 mm beneath the 0 mm refer-

Figure 2 RCM and SHG + TPF images comparing before,
during and after high power fs laser irradiation. Laser wa-
velength: 785 nm, imaging power: 20 mw, irradiation power
for tissue alteration: 75 mw, target depth: 20 mm, irradiation
period: 0.5 min, both the treatment area and image field-of-
view (FOV) are 70 mm � 70 mm. (a) RCM and SHG + TPF
image frames at 0, 3, 6, and 9 s during the laser irradiation;
(b) RCM and SHG + TPF images before and after high
power irradiation at 0, 20, and 50 mm depths.
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ence layer), fibrous structures were found in both
RCM and SHG + TPF images before treatment. Dur-
ing the laser treatment, we found that in contrast to
the SHG + TPF imaging channel which shows dark
holes within the target layer, the RCM signals were
increased in the form of bright structures and focal
signal saturations. RCM and SHG + TPF at the level
of the targeted skin layer appear different as moni-
tored throughout the laser exposure.

The marked epidermal landmarks (two cuts indi-
cated by black arrows) were found on the hematoxy-
lin and eosin (H & E) stained section shown in Fig-
ure 3a. An empty space devoid of dermal fibers
measuring approximately 100 mm � 50 mm (inside
the blue circle) can be visualized between the two
epidermal landmarks and represents the laser target
site within the skin. Zoomed-in views of the two
landmarks as well as the targeted area are shown in
Figure 3b, c, and d, respectively. Around the vicinity
where the laser created an empty space, the adjacent
epidermis, deeper dermis and subcutaneous fat
layers remained intact.

Figure 4 shows SHG + TPF images at different
depths comparing before and after the high power
(200 mW) laser irradiation with a target depth of
40 mm and a tissue alteration time period of 2 min.
No significant structural changes were found at 10,
20, and 30 mm depths. At 40, 50, and 60 mm depths,
an empty hole in between the fiber structure was
seen.

To explore the correlation between the irradia-
tion period and tissue alteration efficacy, SHG + TPF
images at different depths comparing before and

after the procedure with a target depth of 40 mm and
irradiation periods of 1 min and 3 min were also ac-
quired (data not shown). For 1 min irradiation peri-
od at 40 mm target depth, only very subtle changes
were found in the images. However, for 3 min irra-

Figure 3 H & E histological photomicrographs demonstrat-
ing selective alteration in laser-exposed mouse skin: (a)
Histology view of the damaged area (indicated by the blue
circle) and the two epidermal cuts (indicated by the black
arrows). Zoomed-in views of (b) left cut (indicated by the
black arrow), (c) targeted damaged area (indicated by the
blue circle), and (d) right cut (indicated by the black ar-
row).

Figure 4 SHG + TPF images of different depths comparing
before and after high power (200 mW) laser irradiation
with a target treatment depth of 40 mm and a irradiation
period of 2 min. The exposure area and the image FOV:
150 mm � 150 mm.
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diation period at 40 mm target depth, much bigger
holes in between the dermal fibers were observed at
40, 50, and 60 mm depths with no visible changes at
the upper layers.

To determine whether targeting at different
depth will have different effects at other depths, high

power irradiation targeting at 30 mm beneath the
skin surface was also performed. Figure 5 shows
SHG + TPF images of different depths comparing
before and after the high power (200 mW) laser irra-
diation with a target of 30 mm and with an irradia-
tion period of 2 min. Significant structural dermal
changes were found starting from 20 mm. Multiple
holes in between the dermal fibers were observed at
depth of 30, 40, 50, and 60 mm. Layers above 20 mm
depth were left intact. SHG + TPF images of differ-
ent depths comparing before and after the proce-
dure targeting 30 mm beneath the surface with an ir-
radiation period of 0.5 min were also acquired (data
not shown). Similar effects were observed compared
to the results achieved with an irradiation period of
2 min. Dermal changes were found from 20 mm down
to 60 mm. Epidermal changes were not observed.

In order to confirm that the tissue alterations
generated by fs laser pulses are dominated by two-
photon absorption rather than one-photon absorp-
tion, a control study using a CW laser was per-
formed. The CW laser irradiation will induce one-
photon absorption only. The target depth was se-
lected as 30 mm. Before the high power irradiation, a
CW confocal image was taken which is shown in Fig-
ure 6 (a-1). Since MPM images are better for de-
monstrating tissue damage, a SHG + TPF image was
also taken before the procedure, which is shown in
Figure 6 (a-3). The high power irradiation was per-
formed using the CW laser at 60 mW for an expo-
sure period of 1.5 min, FOV (70 mm � 70 mm). No
change in the CW confocal images was found during
the irradiation process. As shown in Figure 6 (a-2)
and (a-4), intact fiber structures can be seen in both
the CW confocal and SHG + TPF images after the
procedure. However, with the same target depth
(30 mm), wavelength (785 nm), power level (60 mW),
FOV (70 mm � 70 mm), and irradiation period
(1.5 min), significant dermal fiber damages were
found after the fs irradiation. SHG + TPF images at
different depths before the irradiation can be found
in Figure 6b column (b-1), and the SHG + TPF
images after the irradiation are shown in Figure 6b
column (b-2). At the target depth of 30 mm, da-
maged fibers can be seen clearly in the SHG + TPF
images. No damage was found at the epidermis
(0 mm) and depth of 60 mm. The fs confocal images
before and after high power irradiation are shown in
Figure 6b column (b-3) and (b-4). Changes at depth
of 20 mm, 30 mm, and 40 mm can be found in the con-
focal images, but with intact epidermis (0 mm) and
intact dermal structures at depth of 60 mm. This ex-
periment comparing the fs laser treatment effect
with that of the CW laser treatment demonstrated
that at 785 nm, the one-photon absorption is weak
and has minimum effect on tissue, while the fs laser
treatment effect on tissue is indeed caused by strong
two-photon absorption.

Figure 5 SHG + TPF images of different depths comparing
before and after high power (200 mW) irradiation with a
target depth of 30 mm and an irradiation period of 2 min.
Exposure area and the image FOV: 150 mm � 150 mm.
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Our experiment has clearly demonstrated the ad-
vantages of using two-photon absorption based
photothermolysis on mouse skin treatment, including
highly-targeted tissue alteration and the capability of
real-time monitoring through RCM and SHG + TPF.
For example, our results have shown that we can tar-
get on damaging mouse dermal fibers without affect-
ing epidermal structures. RCM and SHG + TPF ima-
ging channels can provide both morphological and
biochemical information of the tissue structure under
irradiation, which allow us to monitor the tissue al-
teration in real time. This feature can also be used to
explore optimal tissue alteration efficacy. Moreover,
from a clinical treatment point of view, timely stop
of the irradiation procedure could be applied with
these real-time imaging monitoring. This may poten-
tially prevent incorrect treatment or overtreatment
to the skin, therefore making the treatment process
more controlled and flexible. Therefore, further im-
provement on the system performance such as im-
proving the signal-to-noise ratio should be consid-
ered. We have noticed that some mouse skin
samples, such as the one shown in Figure 2, have
very weak signals in the SHG + TPF imaging chan-
nel, probably due to the thin stratum corneum and
epidermis. Only one layer of cells was found in the
histology images, and this could be the reason that

we were lack of signals in our SHG + TPF imaging
channel in Figure 2.

Interestingly, in Figure 4, we noticed that the big-
gest diameter of the damaged area was shown at the
depth of 60 mm, rather than the target depth at
40 mm. We propose a possible explanation as shown
in Figure 7. Compared with before high power laser
treatment, the skin could elevate due to the space
generated during the procedure. In this case, if 0 mm
is still defined as the layer of stratum corneum, the
largest diameter of the hole would be at a depth
lower than 40 mm. From our experiment, it seems
that for the target depth of 40 mm, the tissue eleva-
tion was around 20 mm, therefore, the largest dia-
meter of the hole was at 60 mm beneath the surface.
For the target depth of 30 mm, the tissue elevation
was around 10 mm, and the largest diameter of the
hole was located at around the depth of 40 mm,
which can be found in Figure 5.

When comparing the tissue alteration results for
different target depths, we noticed that the damage
threshold for 40 mm was much higher than 20 mm or
30 mm. To be more specific, for target depth at
40 mm, dermal damages were observed starting from
20 s. However, for target depth at 30 mm, dermal da-
mages were found within 10 s of laser irradiation.
For target depth at 20 mm, dermal damages were in-
itialized within 3 s of laser irradiation. In addition,
for target depth at 30 mm, it seems that the damaging
is more likely to affect the skin layer at 10 mm above
the targeted layer. No discernable change was found
at 10 mm above the targeted layer when the target
depth was set to be 40 mm. This may indicate that
photothermal effect at deeper depths is more re-
stricted to local area compared with more superficial
skin layers due to the structural differences at differ-
ent depths. Therefore, this two-photon absorption
based photothermolysis may be applied better to
treat skin lesions at deeper locations.

If the tissue alteration induced by fs laser was pre-
dominantly due to NIR one-photon absorption, we
should observe similar tissue alteration effects with a

Figure 6 Comparison of CW laser-induced tissue altera-
tion (a) and fs laser-induced tissue alteration (b). CW con-
focal images of mouse skin at the target depth of 30 mm
showing before high power (60 mW) irradiation (a-1) and
after (a-2); SHG + TPF images generated from fs laser at
the target depth of 30 mm showing before high power irra-
diation (a-3) and after (a-4); SHG + TPF images of mouse
skin at different depths showing before high power
(60 mW) irradiation in column (b-1) and after in column
(b-2); fs confocal images of mouse skin at different depths
showing before high power irradiation in column (b-3) and
after in column (b-4). Exposure area and image FOV:
70 mm � 70 mm.

Figure 7 Proposed explanation for tissue elevation during
tissue alteration.
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CW laser. Therefore, targeted at the same target depth
(30 mm) and with the same wavelength (785 nm),
power level (60 mw), FOV (70 mm � 70 mm), and irra-
diation period (1.5 min), CW laser-induced tissue al-
teration which represents one-photon absorption si-
tuation, and fs laser-induced tissue alteration which
represents two-photon absorption situation, were
compared. Our results showed that the CW laser
failed to generate damaging effects, while significant
dermal fiber damages were found during the fs laser
irradiation under the same condition. This confirmed
that the fs laser-induced highly-targeted tissue altera-
tion that we observed are not due to near IR one-
photon absorption, but due to two-photon absorption
as we expected. And the two-photon absorption cross-
section must be much higher than the one-photon
absorption cross-section. This makes sense because the
two-photon absorption under 785 nm fs laser excitation
corresponds to one-photon absorption at 392.5 nm in
the UV range, while the one-photon absorption of
785 nm is at near IR range. It is known that tissue ab-
sorption at UV range is much higher than at near IR
range. Specifically previous studies have shown that the
absorption coefficient of dermis at 400 nm is around
~10 times higher than the absorption coefficient of der-
mis at 785 nm [13]. This explains why there was no tis-
sue damage found for 785 nm CW laser irradiation. Be-
sides, thermal diffusion was observed during our
experiment, which indicates that the tissue ablation is
primarily from photothermal effect.

In addition, the absorption coefficient of dermis
is very close to the absorption coefficient of epider-
mis at 400 nm [13]. Being able to damage the dermis
without altering the epidermis shown in this study
proved that even with similar absorption coefficient,
the fs laser induced two-photon absorption based tis-
sue alteration can be very specific. These findings in-
dicate that the two-photon absorption based photo-
thermolysis has great potential to be used as a novel
clinical treatment tool.

4. Conclusion

In conclusion, localized destruction of dermal fibers
by two-photon absorption photothermolysis was
demonstrated in ex vivo mouse skin while concur-
rently not damaging the overlying epidermal tissue
nor the tissue below the irradiation layer. RCM and
SHG + TPF images correlated well with conventional
histologic examination on assessing the tissue altera-
tions. Target depths and irradiation period are im-
portant parameters that determine the amount of re-
sulting damage. Micro-structures such as cells, hair
follicles, sweat glands and sebaceous gland are very
likely to have different changes when performing
two-photon based photothermolysis. Therefore, fu-

ture studies on optimizing laser wavelength, laser
power, laser pulse width, target depth and irradia-
tion period for different skin structures of in vivo
skin should be performed. We believe that two-
photon-based light absorption could provide highly
localized intradermal tissue alteration and could po-
tentially be used for therapeutic applications in der-
matology.
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