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Over the last 50 years, laser sources have been used in many
skin diseases, and their role has been increasing inmost fields
of dermatology. At present, laser technology allows us to treat
a variety of skin conditions, either inflammatory or neoplas-
tic, in addition to aesthetic problems.

Hence, in the last few years, surgical, vascular, selective,
and other lasers have become more popular. A significant
advantage of lasers is their ability to provide “noncontact
surgery,” since lesion vaporization occurs without any phys-
ical contact between skin and the device. This assures steril-
ization and helps avoid possible infections.

The different types of laser treatments have been expand-
ing as well as laser technology.

A better understanding of interactions between laser
radiation and tissues has made lasers more powerful and
selective for each type of lesion and aesthetic problem. Due
to the specific properties of selective photothermolysis, lasers
exert effects strictly limited to the treated area, avoiding any
damage to the surrounding skin. This unique attribute of
lasers allows physicians to treat even very small skin lesions
with excellent aesthetic results.

In particular, in the vascular field, dye lasers have become
the gold standard in treating superficial vascular disease and
are excellent for treating large lesions such as port wine stains.
Pulsed dye lasers are also useful tools for the so-called uncon-
ventional treatments, such as hypertrophic scars, keloids,

superficial basal cell carcinoma, and common warts. ND-Yag
lasers are used for treating deep vascular lesions and hair
removal. In addition, these two lasers can also be employed
effectively in combination on difficult lesions, as reported by
K. Vas et al., showing that sequential combined treatment
with both dye and ND-Yag lasers is satisfactory for surgical
scars.

Another popular device is the Q-switched laser, which is
effective and safe for removal of benign pigmented lesions
and tattoos since it interacts with the dermal structures
holding exogenous pigment.

Tattoo removal may be associated with a number of cuta-
neous side effects, such as inflammatory or rare neoplastic
skin reactions, which are described by A. Bassi et al. They
highlight that early diagnosis is essential for proper treat-
ment. Intense pulsed light is a versatile tool suitable for many
different skin conditions thanks to its wide range of wave-
lengths, and unconventional uses are exhaustively discussed
by D. Piccolo et al.

The constant improvement in laser devices and technol-
ogy results in the need for continuous training and evolving
knowledge. For example, A. Soriani et al. highlight this con-
cept with a study that examines the power loss of laser beams
induced by various types of tissue. Since laser penetration is
closely related to laser settings such as wavelength and spot
diameter, they evaluate these variables in order to accurately
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determine the fraction of released energy in order to obtain
better clinical results.

Due to the increasing need for noninvasive technology
for diagnosis, therapy, and follow-up, high resolution tools
such as nonlinear optical microscopy and two-photon fluo-
rescencemicroscopy are in depth presented by R. Cicchi et al.
They evaluate possibilities tomonitor the effect of therapy and
topical absorption.

Since the 1970s, photodynamic therapy aroused a growing
interest in treating several skin diseases. E. Filonenko et al.
evaluate the effectiveness of this treatment for penile in situ
carcinoma, obtaining satisfactory oncological results without
affecting patient quality of life. In addition, X. Wang et al.
emphasize that these therapies may require long application
times so that the use of an automatic medical manipulator
system can increase the radiation uniformity and ensure a
better therapeutic result.

Due to the growing importance of laser techniques in der-
matologic practice, ongoing multicenter studies will be valu-
able in helping us develop precise standardization of param-
eters used for each laser and each disease. This will improve
the effectiveness of the tools and allow physicians to obtain
better and more reproducible results.

Silvia Moretti
Michael S. Kaminer

Anne Le Pillouer-Prost
Piero Campolmi
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Penile cancer is a rare pathology. For penile cancer surgical treatment, radiotherapy, chemotherapy, and combined modality
treatment are available. Because of great importance of this organ for mental condition of patient, the development of organ-
preservingmethods allowing tominimize impact onpatient’s quality of lifewithout compromising of oncological results is desirable.
In the Center of Laser and Photodynamic diagnosis and treatment of tumors in P.A. Herzen Moscow Cancer Research Institute
the methods of photodynamic therapy in patients with penile cancer have been developed. From 2011 to 2013 the treatment was
conducted in 11 patients with precancer and cancer of penile. The average age was 56.6. According to morphological diagnosis
photodynamic therapy (PDT) was performed using two methods. One method included topical application of agent for PDT and
the second intravenous administration of photosensitizer. For topical application alasens was used and for intravenous injection
we applied radachlorine. All patients had no complications. Complete regression was achieved in 9 patients, and partial regression
in 2.Thus, the results showed that photodynamic therapy for penile cancer stage Tis-1N0M0 permits performing organ-preserving
treatment with satisfactory oncological results and no impairment of patient’s quality of life.

1. Introduction

Penile cancer is a rare pathology [1]. In 2012 in Russia 493
new cases were registered [2]. The average age of patients
accounts for 62.3. Increase of incidence occurs from 45 years
with maximal rates in patients of 60–64 years old. For penile
cancer surgical treatment, radiotherapy, chemotherapy, and
combined modality treatment are available. Due to its rarity
and the consequent lack of randomized trials, current therapy
is based on retrospective studies and small prospective trials
[3]. Surgical treatment includes resection, amputation at
the level of pubic symphysis with perineal urethrostomy,
emasculation, degloving, and Ducuing surgery for regional
lymph node metastases. Penile amputation with following
reconstruction becomes widespread. A partial and glans-
sparing penectomy provides psychosocial benefits, preserves
sexual function, and is generally feasible for a T1 tumor
[4]. Total penectomy is preferred for ≥T2 tumors, although
some T2 tumors are amenable to partial penectomy based
on location. Penile-sparing surgical modalities including
Mohs’micrographic surgery and laser ablation are considered
for small tumors, particularly if located on the glans and

margins ≥3mm can be attained [5]. Radiotherapy is used
as option of organ-preserving treatment. Chemotherapy is
performed in combination with other methods. For radio-
therapy there is a high risk of radiation-induced effects;
surgery is also associated with risk of postoperative com-
plications. Because of great importance of this organ for
mental condition of patient, the development of organ-
preservingmethods allowing tominimize impact on patient’s
quality of life without compromising of oncological results
is desirable. Penile preservation is superior in functional
and cosmetic outcomes and should be offered as a primary
treatment modality in men with low stage penile cancer
[6].

2. Material and Methods

In the Center of Laser and Photodynamic diagnosis and
treatment of tumors in P.A.HerzenMoscowCancer Research
Institute the methods of photodynamic therapy in patients
with penile cancer have been developed. From 2011 to 2013
the treatmentwas conducted in 11 patientswith precancer and
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Table 1: Patients’ distribution according to age.

Number of patients Age of patients, y.o. Total
20–30 31–40 41–50 51–60 61–70 71–80

Abs. 1 0 3 2 3 2 11
% 9.0 0 27.3 18.2 27.3 18.2 100%

Table 2: Patients’ distribution according to histological type of
tumor.

Morphological diagnosis Number of patients
Abs. %

Dysplasia grade III 1 9.1
Erythroplasia of Queyrat 4 36.4
Squamous cell carcinoma T1-2N0M0 5 45.4
Paget’s cancer 1 9.1
Total 11 100%

cancer of penile.The age of patients accounted for 25 to 74 y.o.
The average age was 56.6 (Table 1).

Prior to photodynamic therapy all patients had biopsy
of penile lesions. According to histological type of tumor
there were the following diagnoses: dysplasia grade III was
in 1 patient, erythroplasia of Queyrat in 4, squamous cell
carcinoma in 5 (stage T1N0M0 in 4, T2N0M0 in 1), and
Paget’s cancer of root of penis and scrotal skin in 1 (Table 2).

Erythroplasia of Queyrat (𝑛 = 2 patients) and squamous
cell carcinoma of glans penis stages I-II (𝑛 = 2 patients) were
diagnosed at first presentation in 4 patients; in the other 7
patients the interval between first presentation and accurate
diagnosis accounted for up to 1 year (in 5 patients), up to 2
(in 1), and 3.5 (in 1). All 7 patients underwent nonefficient
treatment with ointment by dermatologists or urologists with
no morphological diagnosis during the interval. All patients
had negative inguinal lymph nodes.

Primary, untreated tumor occurred in 9 patients, contin-
ued growth after chemoradiotherapy in 2, and recurrence 1
year after circumcision in 1. Eight patients had single lesion
and in 3 from 2 to 3 lesions.

In 2 patients with continued growth after chemoradio-
therapy, one had 1 tumor lesion 2.5 cm in size and with area of
3.75 cm2; the second had 3 tumor lesions with maximal size
of 1.8 cm and total area of 4.5 cm2. One patient with recurrent
tumor after circumcision had a single lesion with maximal
size of 4.0 cm and area of 8 cm2.

For group of patients (𝑛 = 6) with previously untreated
single tumor, in 3 patients maximal size of lesion was from
1 to 2 cm and in 3 from 3.0 to 4.5 cm. The area of tumor
accounted for 1 cm2 to 1.5 cm2 in 2 patients; from 3 to 4.5 cm2
in 1; and from 7 to 11.3 cm2 in 3. For group of patients (𝑛 = 2)
with previously untreated 2 and 3 lesions, maximal size of the
largest lesion was 3.0 and 4.0 cm and total area of all lesions
10.4 cm2 and 7 cm2, respectively (Table 3).

In 9 patients penile lesion was the only cancer disease
and in 2 one of primary multiple metachronous oncological

processes. One of them had previous successful treatment for
Kaposi’s sarcoma and another one prostate cancer stage II.

Seven of 11 patients had various comorbidities: chronic
obstructive lung disease, previous myocardial infarction and
postinfarction cardiosclerosis, asthma, essential hyperten-
sion 1 degree, asthma combined with gastric ulcer, multiple
hepatic haemangioma and bilateral renal cysts, chronic gas-
tritis, renal cysts, and nerve deafness.

According to morphological diagnosis photodynamic
therapy (PDT) was performed using two methods. One
method included topical application of agent for PDT and
the second intravenous administration of photosensitizer.
For topical application alasens was used (agent based on 5-
aminolevulinic acid) (NIOPIK, Russia) and for intravenous
injection we applied radachlorine (photosensitizer based on
chlorine e6) (Radapharma, Russia). After the completion of
exposure time specific for each photosensitizer (for alasens-
induced PPIX and for radachlorine—3 h), a session of flu-
orescence diagnostics with evaluation of area of tumor and
planning of laser irradiation fields was performed.

Fluorescence diagnosis was performed by visual assess-
ment and by local fluorescence spectroscopy. For visual
assessment of fluorescence image video-assisted fluorescence
device (BioSpec, Russia) was used. After registration the
fluorescence image was recorded in computer for subsequent
analysis of type and boundaries of tumor lesion for planning
of laser fields for PDT [7]. After visual assessment of fluores-
cence image local fluorescence spectroscopy was performed
using laser electronic spectrum analyzer for fluorescence
diagnosis LESA-01-BioSpec (BioSpec, Russia). Accumulating
levels of photosensitizer in tumor andnormal tissue and value
of tumor/normal tissue fluorescence contrast were measured
(Figure 1).

Then PDT session was performed. In all cases laser
irradiation of tumor was performed after premedication and
spinal anaesthesia. Laser irradiation was performed using
macrolenses and lasers with wavelength according to peak
of photosensitizer absorption: for alasens-induced PPIX—
630 nm and for radachlorine—662 nm (Figure 2). The light
dose accounted for 200 to 350 J/cm2. To prevent urinary
retention because of edema in the treatment area urinary
catheter was placed in all patients and was removed within
1-2 days after treatment.

3. Results

All patients had no complications. There were no urinary
retention after removal of catheter and no complications
related to skin photosensitivity.

Complete regression was achieved in 9 patients (all 8
patients with primary tumor and 1 with recurrence) and



BioMed Research International 3

Table 3: Patients’ distribution according to tumor characteristics and lesion area.

Tumor characteristics Area of lesion, cm2
Total, abs. (%)

≤1.5 3–4.5 7–11.3
Untreated tumor 2 1 5 8 (72.7)
Recurrent/residual tumor 0 2 1 3 (27.3)
Total, abs. (%) 2 (18.2%) 3 (27.3) 6 (54.5) 11 (100%)
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Figure 1: Session of fluorescence diagnosis: (a) visual assessment of fluorescence image; (b) local fluorescent spectroscopy (red curve—tumor
fluorescence profile; green—normal tissue).

(a) (b)

Figure 2: PDT session (a, b).

partial regression in 2. Two patients with recurrent tumors
after external radiotherapy and partial regression after PDT
underwent surgical treatment 3 months after PDT.

In other 9 patients the follow-up period was from 5 to 32
months. All patients underwent physical examination, biopsy

of lesion, ultrasonography of penis, and regional lymphnodes
every 3 months for the first year, every 6 months for the
second year, and then annually. Recurrence occurred 20
months later in PDT area in one patient who had first PDT for
recurrent tumor after surgical treatment. Another patient had
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recurrence of disease as new lesion beyond PDT area which
was diagnosed and successfully treated with PDT 9 months
after first course of treatment. For 11 months the patient had
no recurrence after second course of PDT.

4. Conclusion

Thus, photodynamic therapy for penile cancer stage Tis-
1N0M0 permits to perform organ-preserving treatment
with satisfactory oncological results with no impairment
on patient’s quality of life. We suggest that photodynamic
therapy should be recommended for Tis tumors. Because of
small case number our recommendations for photodynamic
therapy in patients with T1 tumors require further investiga-
tions.
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The aim of this preliminary study is to investigate the correlation between clinical set-up at present used in the treatment of specific
skin conditions and laser beam absorbed power in the tissue. This study focused on the CO

2
and Nd-Yag laser equipment used

in the daily clinical practice in the Department of Dermatology of San Gallicano Institute in Rome. Different types of tissue-
equivalent material with various water and haemoglobin concentrations were tested to evaluate laser beam attenuation power.
In particular, thinly sliced pork loin, of uniform consistency and without fat, was selected for its high content of haemoglobin to
mimic human tissues. An optical power meter was used to measure the power or energy of a laser beam. During measurements,
the tissue equivalent phantoms were positioned on the detector head and the laser beam was orthogonally oriented. The results of
two experimental set-ups are reported here. The dependence of residual power (W) as a function of ex vivo tissue thickness (mm)
for different laser output powers was studied. Data were fitted by a parametric logistic equation. These preliminary data allow for
more accurately determining the energy fraction released from lasers to the tissues in order to improve clinical outcomes.

1. Introduction

Over the last 50 years, lasers have been used to treat a large
variety of skin conditions, either inflammatory or neoplastic,
in cosmetic and aesthetic dermatology.

These treatments use different laser types classified
according to their tissue target and/or tissue interaction. On
the basis of this classification, themost commonly used lasers
in dermatology are ablative lasers (CO

2
-Erbium), vascular

lasers (Nd-Yag, KTP, and PDL), and pigment lasers (Q-
switched Nd-Yag, Rubino, and Alexandrite). Through their
selective targeting of skin chromophores these lasers have
become the treatment of choice for a wide range of cutaneous
lesions including angiomas, telangiectasias, lentigo, tattoos,
and acne scars and wrinkles [1, 2].

The ever improving design and technology of lasers result
in increased safety and efficacy for patients; nonetheless,
continuous training and an evolving knowledge are needed.

In fact, the penetration of radiation is closely linked to
the laser characteristics and to operative conditions. Short-
pulse high-peak power (Q-switched or mode-locking) lasers
produce high irradiance in a short time, while traditional
continuous or long pulsed lasers imply shorter exposures
repeated over prolonged time periods.These differentmecha-
nisms are likely to produce, on the irradiated tissues, different
biological effects that should be taken into consideration to
avoid irreversible damage as well as to reduce any potential
hazard.

In daily clinical practice, the wavelength alone is perhaps
less of a determining factor as far as depth of penetration
is concerned—with respect to type of emitter and operating
mode, physical design of the applicator, and adopted tech-
nique. A working knowledge of tissue targets and light-tissue
interaction is essential to use laser appropriately as well as
to interpret clinical laser parameters. As a matter of fact,
the clinical applications of the laser depend on wavelength
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peaks of the laser light, pulse durations, and target skin tissue
absorption. Furthermore, histological tissue types (muscle,
adipose, and bone), lesion location, and skin phototype
are critical parameters for determining the effects of laser
interaction [3–6].

The aim of this study is to define the correlation between
clinical set-up at present used in the treatment of specific
skin conditions and laser beam absorbed power in the tissue.
An experimental set-up has been performed using different
samples simulating human tissues. Measurements of energy-
power at different depths in the tissue have been carried out in
order to fully understand the effects of tissue-laser interaction
for the optimization of clinical outcomes.

It is to be stressed that ex vivo tissue used for the tests
has rather different characteristics from those of human
tissue, being less vascularized and hydrated. At any rate, the
information obtained from these experiments can help us
better understand the power and energy release mechanisms
in irradiated tissues.

2. Material and Methods

2.1. Lasers. Our attention was devoted to the laser equipment
used in the daily clinical practice in the Department of
Dermatology of San Gallicano Institute in Rome, namely,
traditional CO

2
laser, and Nd-Yag laser.

Carbon dioxide (CO
2
) lasers were considered for their

prominent role and broad spectrum of possible uses in
dermatologic surgery. In particular, SmartXideDOT (DEKA
M.E.L.A. Calenzano, Italy), in the two modes of laser beam
delivery (7 handpiece or fractional CO

2
), is utilized in our

clinical practice. In this latter mode the system generates
perfectly controlled energy pulses (DOTs) by managing the
energy per pulse parameter and the DOT spacing between
two microscopic wounds (about 0.5mm). This mode was
not analyzed in this preliminary study but will be dealt with
in the future. The spot size for the traditional mode, under
examination in this study, is 6.5mm.

Nd-Yag laser (neodymium-doped yttriumaluminumgar-
net) with a wavelength of 1064 nm long pulsed mode and
5mm beam diameter was also investigated.

2.2. Tissue-Like Phantoms. Different types of tissue-
equivalent material with various water and haemoglobin
concentrations were used to evaluate laser beam attenuation
power. Haemoglobin concentrations are important because
of the presence of red chromophores. In particular, beef
was selected for its high content of haemoglobin (about
0.1mg/mL in beef muscle [7]) to mimic well-vascularised
tissues (with human muscle-like chromophores); however,
due to its lack of uniformity, it proves difficult to repeat
the experiments, affecting reproducibility. All the ex vivo
material tested was sliced and, slice by slice, accurately
measured with a caliper in the incident areas. Loin (fat-free
pork loin), characterized by high haemoglobin concentration
(red chromophores) and low water concentration (about
37% in fat [8] and 58% in dry-cured loin [9]), was selected as
test tissue because of its consistency.

2.3. Detection System. The detection system (Laser 2000 Ltd,
UK) used in this study had two measuring heads (A-2-D12-
HCB and A-200-D60-HPB) for the evaluation of the effective
power or energy of the incident laser beam.Through conver-
sion of absorbed energy into heat, the thermal head sensor
(thermopile) registered the potential differences (𝑉output)
produced by the thermal gradient generated by lasers and
proportional to the incident energy or power.

For nonintensive powers, A-2-D12-HCB air cooling sys-
tem head turned out to be compatible with different laser
types allowing high resolution studies for medium power
lasers. The power ranges from 1mW to 2W, while energy
ranges from 0.5mJ to 2 J. It has a diameter of 12mm and a
spectral range from 0.25 to 11𝜇m.

The A-200-D60-HPB air forced cooling system head,
characterized by a low reflection index, results to be more
resistant. The power ranges from 100mW to 40W, while
energy ranges from 1 to 200 J. It has a diameter of 60mm
and a spectral range varying from 0.25 to 11 𝜇m. However, A-
200-D60-HPB head resolution is lower than A-2-D12-HCB.
All systems are calibrated (3% accuracy) according to NIST
(National Institute of Standards and Technology) and/or PTB
(Physikalisch-Technische Bundesanstalt).

The electronic processing system retrieves all necessary
data elaborated by the software interface LP-EXPLORER.The
software, connected to the head of detection, automatically
recognizes the head and, through a control panel, allows the
measurements to be selected andmade. All data collected and
recorded are useful to verify the stability of the signal in CW
lasers and any anomalies in PW laser, directly in the GUI
(graphical user interface).

2.4. Experimental Set-Up. Since in clinical applications laser
hand piece is generally located next to the patient skin
(about 3–5mm), during measurements the laser beam was
positioned orthogonally to the system head, in contact
with the tissue-equivalent phantoms executing continuous
circular movements.

Power measurements with CO
2
laser were performed

for different thickness (without tissue, 1.6mm, 3.2mm, and
4.8mm). Each set of measurements was repeated with three
different powers inCWmode (0.5W, 0.6W, 0.8W). To obtain
more accurate incident power detection, a smaller detector
head (A-2-D12-HCB) was used (Figure 1).

For CO
2
laser measurements values of maximum, min-

imum, and mean power (W), tissue thickness (mm) and
residual power (W) were recorded.

Energy measurements with Nd-Yag were performed at
five different thicknesses (1.6mm, 3.2mm, 4.8mm, 6.4mm,
and 8.0mm) with the same phantom (Figure 2). An energy
fluence of 125 J/cm2 was used. The A-200-D60-HPB head
is used in this case. The values of maximum, minimum,
and mean power (J), energy fluence (J/cm2), tissue thickness
(mm), and residual energy (J) were as well recorded.

Laser set-up parameters were chosen, in agreement with
clinicians, in order to simulate clinical protocols. The max-
imum experimental thickness had to be higher than the
range (𝑑max) reducing the residual measured power/energy
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Figure 1: Experimental set-up used for the ex vivo phantom and
small head measurements.

Figure 2: Experimental set-up used for the ex vivo phantom and
larger head measurements.

at a constant value, determined by the measuring head
(saturation value).

The net residual energy Δ𝐸 can be calculated for different
tissue thickness as the measured energy value minus the
determined saturation value.

For each measuring point a different laser position on the
tissue was selected to obtain independent measurements.

2.5. Fitting Function. The following empirical function was
used to fit the experimental data of power and energy against
thickness (𝑥):

𝑦 =
𝐾𝑎𝑒
−𝑏𝑥

1 + 𝑎𝑒
−𝑏𝑥
, (1)

where 𝐾 is the maximum measured intensity, “𝑎” represents
a scale factor, and “𝑏” determines the curve slope.

The curve was selected being the logistic behaviour
representative of the expected physical phenomena.

3. Results and Discussion

Figure 3 shows residual power (W) dependence as a function
of tissue thickness (mm) for three experimental output
powers using CO

2
laser. A fit with the expected curves is also

reported (blue, red, and green lines).
It is to be underscored that for thickness >2mm the

delivered radiation results in being totally absorbed inside
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function of equivalent-tissue thickness (mm) for Nd-Yag ((red
circle) 125 J/cm2).

the dedicated phantom for all levels of power between the
experimental error.

The parameters of each power fitted curve are reported in
Table 1.

As regards measurements with the Nd-YAG laser, a cer-
tain amount of energy is not absorbed in the first centimeter
of tissue and therefore does not contribute to interaction
phenomena.

Figure 4 represents the dependence of the net residual
energy (Δ𝐸) in function of the phantom thickness. A fit of
experimental data is also shown (black line).

The saturation level is located next to the 15 J energy
value. This effect is probably overestimated due to the rather
different characteristics of ex vivo and human tissue.

It is worth noting that the energy was obtained by
converting the selected energy fluence (125 J/cm2) with the
following expression: 125 × 𝜋 × 𝑟2, where 𝑟 = 2.5mm is the
radius of laser applicator.The theoretical value of energy thus
obtained was 24.5 J while the experimental value was 26.5 J.
We could then verify that the average energy value revealed
by the power meter head does not differ for more than 10%
from that of the set value.

The parameters of the net residual energy fitted curve are
reported in Table 1.
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Table 1: Parameters of each power fitted curve related to the experimental measurements.

Laser type Unit Measured value (W or J) 𝑎 𝑏 𝐾 Point symbol∗

CO2 Power 0.5 60 2.6 0.50

CO2 Power 0.6 35 2.6 0.63
CO2 Power 0.8 40 2.6 0.80
Nd-Yag Energy 24.5 45 0.7 10.5
∗Point symbols used in Figures 3 and 4.

Other equivalent tissues—ham or chicken (data not
shown)—were tested in order to mimic different biological
tissues. Low haemoglobin concentration and high water
concentration strongly affected the measurements because of
the scatter fraction increasing against depth. As a matter of
fact, in such cases the detected power was below the detection
system sensitivity level because of the generated high scatter
fraction.

Data show that only a small fraction of the incident
energy is absorbed by the tissues.

In the CO
2
laser it is important to establish proper

measurement duration and to acquireat least five measure-
ments to check the reproducibility of beam. In this case, the
10.600 nm wavelength emitted as continuous beam destroys
tissue by rapidly heating and vaporizing intracellular water.
It should however be considered that measurements are
affected by an error due to the intrinsic response time of
electronics, higher than tissues response. This leads to a
general overestimation of values.

As for the potential application of similar studies in the
clinical practice, they could be carried out in collaboration
with clinicians with limited costs and relevant time-sparing.
Our results show that the beam spreading thermal front
is one of the source physical parameters characterizing the
mechanisms that induce either tissue damage or proper tissue
heating, depending on thermal tolerance.

Thin superficial lesions, on the order of hundreds of
microns in thickness, receive about the same amount of
light throughout their volume due to incident as well as
backscattered light reflected from the underlying tissues.This
behaviour is a localized effect of laser therapy due to the light
administered on the tissue surface, irradiance in (W/cm2) or
fluence in (J/cm2).

In the thick tumour case the aim is to treat the lesion
to some desired depth. To treat a volume homogeneously,
efficacy ends up to be proportional to the light penetration
depth which can be obtained by choosing a proper wave-
length. In both cases the knowledge of the beam planar size
plays an important role.

In particular, prolonged exposure to moderate (CW) or
long pulsed levels of light (PW) produces an absorption
effect and relative irreversible local or peripheral tissue
damage, depending on the spreading thermal front. These
biological effects are different from those associated with the
short-pulse high-peak power in which, because of thermal
expansion, tissues damage is generated far from the absorbing
area.Thus, in the Q-switched lasers, the spreading effect does
not occur in the absorbing area.

Moreover, geometrical distortion, the ability to reproduce
the real dimensions of the focused beam spots at working
distance, is another important parameter. Accuracy out of
the acceptable limits of the geometrical distortion affects
heterogeneity in power/energy delivery.

4. Conclusion

The experimental set-ups analyzed in this study are just a
few examples of laser applications in dermatology obtained
using standard parameters routinely applied in clinical prac-
tice. These preliminary data stress the importance to more
accurately know the fraction of released energy from the
system to the tissues, to improve the treatment strategy. The
main point is the correlation between physical design of the
hand piece, the technique used to apply it, wavelength, and
laser power in determining clinical outcome. Our team of
physicists and physicians will further investigate this relevant
topic to improve therapeutic procedures.
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The aim of this study was to investigate the efficacy of the sequential combined 585 nm PDL and the 1064 nm neodymium:yttrium-
aluminium-garnet laser (PDL/Nd:YAG) in the treatment of surgical scars and to evaluate the short-term effects by in vivo confocal
microscopy (RCM) and the long-term effects by clinical assessment of the scars. Twenty-five patients were enrolled with 39
postoperative linear scars; each scarwas divided into twofields.One half was treatedwith the combinedPDL/Nd:YAG laser, whereas
the other half remained untreated. Each scar was treated three times at monthly intervals. Scars were evaluated by an independent
examiner, using the Vancouver Scar Scale. The combined PDL/Nd:YAG laser significantly improved the appearance of the scars.
In order to study the short-term effects of combined laser treatment, six additional patients were enrolled with 7 postoperative
linear scars. One half of scars was treated once with the combined PDL/Nd:YAG laser. One week after this laser treatment, both
the treated and the nontreated parts of the scars were examined by dermoscopy and RCM. The dermoscopic pictures revealed
improvements even in treated areas. In conclusion, the combined PDL/Nd:YAG laser was found to be effective in improving the
quality and appearance of the surgical scars.

1. Introduction

Despite modern suturing techniques, operations may be
followed by the development of nonesthetic scars. Surgical
scars often remain red in color, firm, and elevated to the
touch. Some scars may persist in a hyperpigmented form or
may become hypertrophic or keloid. These nonesthetic scars
may come to be regarded as permanent stigmas and often
cause considerable esthetic and psychological problems for
patients. Various therapeutic modalities have been attempted
with the aim of improving the clinical appearance of scars,
with differing degrees of success, for example, corticosteroid
injection, dermabrasion, surgical revision, chemical peeling,
silicone gel application, vitamin E-based remedies, pressure
therapy and X-ray irradiation, cryosurgery, 5-fluorouracil
(a pyrimidine analog), and certain antitumor agents (e.g.,
Bleomycin) [1–6].

Lasers have also been applied to improve the appearance
of such scars. The first lasers utilized for this purpose
were ablative, nonselective lasers: carbon dioxide (CO

2
) or

erbium:yttrium-aluminium-garnet (Er:YAG) laser [7–11].
Nouri et al. recently studied the use of the pulsed dye laser

(PDL) at differentwavelengths (585 nmand 595 nm) andwith
different pulse durations (short and long), and Conologue
and Norwood demonstrated that the cryogen-cooled 595 nm
PDL treatment is effective in improving the wound healing
[12–15].

Investigations of the therapeutic efficacy of different laser
and light source combinations (e.g., the combination of
the PDL and the Nd:YAG laser) are important in view of their
complementary nature. The skin contains a number of light-
absorbing substances (chromophores) such as water, mela-
nin, hemoglobin, and exogenous pigments. An initial low
PDLpulse selectively increases the local blood temperature to
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Table 1: Patients’ data: 25 participants between the ages of 17 and 50 years with Fitzpatrick skin types I–IV and linear scars greater than 3 cm
were enrolled into the study.

Patient Sex Age (years) Scars (number of pieces) Fitzpatrick skin types Location
1 F 40 1 II. Abdomen
2 F 20 1 III. Scapula
3 F 35 1 II. Abdomen
4 F 26 2 II. Back
5 M 25 3 II. Back
6 M 25 2 III. Neck
7 M 25 1 II. Neck
8 F 39 2 III. Abdomen
9 F 17 1 II. Back
10 F 23 1 I. Waist
11 F 38 1 II. Mons pubis
12 F 23 1 I. Abdomen
13 F 24 1 II. Leg
14 F 27 1 II. Leg
15 F 30 2 III. Back and arm
16 F 21 1 IV. Back
17 F 30 3 II. Neck, back, and upper arm
18 F 26 2 II. Abdomen
19 F 25 3 II. Abdomen
20 F 50 1 III. Back
21 F 25 1 III. Back
22 F 19 1 II. Back
23 F 19 2 III. Back
24 F 21 2 II. Mons pubis and back
25 F 32 2 II. Back

62–80∘C, resulting in oxyhemoglobin-methemoglobin con-
version. A recent study revealed that the light of the Nd:YAG
laser is preferentially absorbed bymethemoglobin rather than
by oxyhemoglobin. The high temperature attained induces
blood coagulation in the vessels of the treated area. The
combination of these lasers functions via selective pho-
tothermolysis, which targets the blood vessels with minimal
damage to the surrounding tissues.

As sequential combined PDL/Nd:YAG laser treatment
has been shown to be highly effective for the treatment of
acne vulgaris, cutaneous photoaging, and leg veins, the aim of
our present study was to investigate the efficacy of combined
PDL/Nd:YAG laser treatment on the appearance of scars,
when used immediately after suture removal [16–18].

In this study, treatment was performed on regular scars
after surgery starting right after the removal of sutures. Our
results conclude that combined PDL/Nd:YAG laser therapy
starting on the day of suture removal is safe and effective in
improving the quality and cosmetic appearance of surgical
scars in patients with skin types I–IV; the improvement
was confirmed at structural level by dermoscopy, in vivo
confocal microscopy, and VSS. RCM permits the real-time
imaging of human skin including various skin disorders. It
is a noninvasive high-resolution imaging technique which
allows the structural and cellular visualization and analysis of
the skin to a depth up to 250 𝜇m.This technique can be used
in a wide range of dermatological settings. Objective data can
be obtained on the skin structure and its alterations in various

conditions. It is also widely used to evaluate almost any kind
of superficial skin lesions. The RCM assist of the diagnosis
and differential diagnosis of skin diseases can be refined and
a more specific opinion can be provided without or before
a surgical biopsy. It can help in the assessment of lesions
with a clinical and dermoscopic suspicion of malignancy
eliminating the performance of unnecessary surgical biopsies
or confirming a previous diagnosis in order to plan the
optimal surgical solution [19–21].

2. Methods
2.1. Effects of the Combined PDL/Nd:YAG Laser on the
Clinical Appearance of the Scars. Twenty-five (22 female
and 3 male) participants between the age of 17 and 50
years, with Fitzpatrick skin types I–IV and linear scars
greater than 3 cm originating from nevus removal, were
enrolled into the study (Table 1). The patients had been
operated on at the Plastic Surgery Unit of the Department
of Dermatology and Allergology Clinic in Szeged. All of the
patients involved in the study had otherwise healthy skin and
were not suffering from major medical illnesses. Exclusion
criteria were pregnancy, lactation, medicines that increase
sensitivity to light, anticoagulant medication, a history of
malignancy, and susceptibility to keloids and hypertrophic
wound healing. All surgical procedures had been carried out
by the same group of plastic surgeons, and wound closure
had been performed with standardized suturing techniques
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(two-layer intracutaneous running, one deeper absorbable
suture and one superficial nonabsorbable suture).The sutures
were removed 14 days after the operation.

The patient’s informed consent was obtained in all cases
before laser treatment was started immediately after suture
removal, followed by repeat treatments 4 and 8 weeks later.

Twenty-five patients with 39 postoperative linear scars
were treated three times at monthly intervals with the
combined 585 nm PDL and 1064 nmNd:YAG laser (Cynergy,
Cynosure Inc., Westford, MA, USA).

Each scar was divided into two fields; one half of each scar
was treated with the combined PDL/Nd:YAG laser and the
other half remained untreated. The treated and the control
halves were selected randomly.

The 585 nm PDL was used with a spot size of 10mm with
10% overlap and a pulse duration of 0.5ms at a fluence of
4.5 J/cm2, in combination with treatment with the 1064 nm
Nd:YAG laser with a spot size of 10mm and a pulse duration
of 15ms at a fluence of 60 J/cm2, with 500ms time delay
between the delivery of the two wavelengths. Specific safety
eyeglasses were worn during the treatment. The skin surface
was cooled with a continuous flow of cold air. The patients
reported only minimal pain during treatment; erythema
appeared around the scar 1-2 days after the laser treatment.
No serious side-effects of the treatment were observed. All
photographs were taken by one photographer with a Nikon
D200 camera, under identical conditions of illumination and
patient positioning. Analysis was performed on 39 scars in a
blind study by an independent examiner one month after the
last treatment (third laser irradiation).

The level of improvement of the scars was evaluated by
using the Vancouver Scar Scale (VSS) one month after the
final treatment. This scale is the internationally accepted
method for the description of scars. The VSS consists of
four variables: vascularity, height (thickness), pliability, and
pigmentation. Each variable has four to six possible scores. A
total score ranges from 0 to 13, where the score of 0 reflects
normal skin.

Statistical analysis was performed with the SPSS 15.0
software.

The Wilcoxon test chosen for the evaluation allows
determination of the degree of improvement based on the
VSS (pigmentation, vascularity, pliability, and height) scores
of the scars in both the treated and the untreated parts.

2.2. Effects of the Combined PDL/Nd:YAG Laser Treatment
on Blood Vessels and on Collagen Fibers. To determine the
effects of the combined PDL/Nd:YAG laser therapy on scar
microcirculation, dermoscopy and in vivo confocal micro-
scopic analyses were performed.

Half of each scar in 6 patients (5 female and 1 male) with
7 postoperative linear scars was treated immediately after
suture removal once with the combined PDL/Nd:YAG laser,
and, one week later, both parts of the scar were examined
by dermoscopy and reflectance-mode in vivo confocal
microscopy (RCM).

One week after the combined laser treatment, the der-
moscopic and RCM images of the 7 scars of the 6 patients
were analyzed with the LUCID VivaScope 1500 Multilaser

(MAVIG GmbH, Munich, Germany) equipment, using the
785 nmwavelength laser of the machine. Our objectives were
to analyze the microcirculation and the structures of the
epidermis and collagen bundles and to assess the differences
between the treated and untreated areas. Images were made
first of the combined PDL/Nd:YAG laser-treated and then
of the control areas. The captured areas also contained the
neighboring normal skin. The first step was to obtain a
dermoscopic picture of the examined area with the RCM
machine camera.The zero level was then determined and this
level was marked relative to the surface of the scar tissue.
The first image was intended to be taken at the level of
the stratum granulosum-spinosum.We captured the stratum
corneumof the scar as the zero level and then defined the first
level which was usually 25–30𝜇m deeper than the zero one.
Three further images were next obtained, each 25𝜇m deeper
than the previous one. Due to the above mentioned surface
irregularity, we often had to make an additional fifth layer to
visualize the deeper structures appropriately. The maximum
area of 8 × 8mm was captured at each level. We also made
two Vivastack captures at representative parts of the scar and
a comparative one at the normal skin area. These Vivastack
images were taken from the level of the stratum granulosum-
spinosum down to 150𝜇m in 1.5-𝜇m steps. Vessels were
detected and compared on the basis of the dermoscopy and
RCM images.

3. Results

3.1. Effects of the Combined PDL/Nd:YAG Laser on the Clinical
Appearance of the Scars. The combined PDL/Nd:YAG laser
treatment resulted in a significant clinical improvement of the
scars (Figures 1 and 2). The surgical scar is depicted from the
day of suture removal to the final combined laser treatment.
Onemonth after the third combined laser treatment, the final
analysis revealed a significant difference in favor of the treated
parts of the scar.

The VSS parameters (𝑛 = 39 scars) demonstrated a
significant dermoscopic improvement relative to the con-
trol (Figure 3). A worsening status of wound healing after
laser treatment was detected only in one patient, where we
observed pink vascularity, hyperpigmentation, supple, and 2–
5mm heightened parts of the scar at the treated region.

Each of the four parameters (pigmentation, vascularity,
pliability, and height) was improved significantly 1 month
after the final combined laser treatment (Figure 4). There
were no significant complications during this study. Both
patients and doctors were satisfied with the cosmetic appear-
ance of the surgical scars after final combined laser therapy.
Three months after the last laser treatment, further improve-
ment in the clinical appearance of the laser treated scars was
observed (not shown).

3.2. Effects of the Combined PDL/Nd:YAG Laser Treatment on
Blood Vessels and on Collagen Fibers. Concerning each of the
investigated parameters, the combined PDL/Nd:YAG laser
significantly improved the appearance of the scars; thus, we
set out to enroll further 6 subjects in order to study the short-
term effect of combined laser treatment.
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Figure 1: Effects of combined 585/1064 nm laser treatment on the clinical appearance of the scar back of in the patient number 16 (Fitzpatrick
skin type IV) on the day of suture removal (a), 1 month after the first treatment (b), 1 month after the second treatment (c), and at the final
assessment (d). The treated half (Treated) and the control half (Control) of the scar are indicated.
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Figure 2: Effects of combined 585/1064 nm laser treatment on the clinical appearance of the scar waist of in the patient number 10 (Fitzpatrick
skin types I) on the day of suture removal (a), 1 month after the first treatment (b), 1 month after the second treatment (c), and at the final
assessment (d). The treated half (Treated) and the control half (Control) of the scar are indicated.
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Figure 3: VSS score 1 month after final treatment and final
evaluation (𝑛 = 25); 𝑃 < 0.05 was regarded as a significant change.
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Figure 4: Improvement in individual VSS parameters 1 month after
the final combined PDL/Nd:YAG laser treatment (𝑛 = 25); ∗𝑃 <
0.05 was regarded as a significant change.

One week after the combined PDL/Nd:YAG laser treat-
ment, the dermoscopic pictures of the control, untreated area
displayed marked parallel or lace-like vascularity (Figure 5),
which was pronounced not only in the scar area but also
around it. In several cases, the scar appeared to be slightly
elevated; however, more often a depressed characteristic was
detectable.

The epidermis exhibited a regular or broadened honey-
comb pattern according to the RCM investigation, although
some areas revealed atypical keratinocytes as well. The der-
moepidermal junction showed nonspecific pattern without
papillary contours. Parallel, rough, coarse collagen bundles
were detected in the upper dermis, whereas the vessels were
dilated and horizontal.

The treated area of the dermoscopic pictures revealed a
narrower scar with notably decreased vascularity. The vessels
were more delicate and situated apparently haphazardly
compared to the untreated part. The treated scars were
usually depressed. In some cases, the surroundings of the
scar displayed more vascularity than the scar itself. The
epidermis also had a broadened honeycomb pattern with
a low number of atypical keratinocytes and some dendritic
inflammatory cells. At the dermoepidermal junction, the
pattern was nonspecific, without papillary contours similar
to the untreated area. The collagen fibers were comparably
coarse; however, they were not numerous and their orienta-
tion was not uniformly parallel. Only low numbers of narrow
horizontal vessels were observed.

4. Discussion

Different techniques are used to enhance wound healing,
but, thanks to the rapid advances in laser technology, a new
method has emerged with a promising future for modern
wound healing.

The flashlamp-pumped PDL, which emits light at a
wavelength of 585 nm, has become the gold standard in the
treatment of port-wine stains and also an effective treatment
modality for superficial vascular lesions, including those
associated with photoaging, such as facial telangiectasias.
The Nd:YAG laser emits light at a wavelength of 1064 nm,
which allows deep penetration into the dermis and vascular
specificity due to a broad absorption peak of oxyhemoglobin
above 800 nm [17, 18].

PDL and Nd:YAG lasers of different wavelengths have
been incorporated in the novel dual laser device built into
the same console. Laser and light source combinations are
currently being examined for their complementary, additive,
or sometimes synergistic action.

The abnormal blood vessels in the scar tissue area are
occluded and absorbed, which results in artificial ischemia,
inhibiting nutrient supply to the wound. The laser treatment
enhances wound contraction, the remodelling of collagen
fibers by thermal necrosis, activation of the release of basic
fibroblast growth factor, and inhibition of transforming
growth factor 𝛽1 [1, 2]. The combined laser therapy addi-
tionally decreases the accumulation of fibroblast cells in
the scar tissue and stimulates the production of reticular
collagen fibers [10, 11]. Treatment with the combined 585 nm
PDL and 1064 nm Nd:YAG laser is noninvasive, minimally
uncomfortable, and requires no anesthesia.

Jung et al. compared a PDL and a combinedPDL/Nd:YAG
laser in the treatment of acne vulgaris and found that the
combined PDL/Nd:YAG laser was significantly better than
the PDL in reducing noninflammatory acne lesion counts 8
weeks after the treatment; an improvement was also observed
in the treatment of inflammatory acne lesions, though it
was not statistically significant [16]. Trelles et al. described
the efficiency of the PDL/Nd:YAG laser combination in the
treatment of leg veins [18]. Berlin et al. treated cutaneous
photoaging symptoms with a combined PDL/Nd:YAG laser.
Their examinations indicated the greatest improvements in
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Figure 5: Effects of a single combined 585/1064 nm laser treatment on the blood vessels and collagen fibers (abdomen). The untreated areas
((a), (b), (c), and (d)) and treated areas ((e), (f), (g), and (h)) are indicated. Control area: the dermatoscopic picture revealed high vascularity
in the scar tissue ((a) Bar = 92.96 𝜇m).The RCM picture of the scar and its surroundings indicated that the scar is only slightly depressed ((b)
Bar = 132.59 𝜇m); there are numerous, parallel collagen fibers with numerous dilated vessels (arrows) among them (c) and numerous parallel
collagen fibers ((d) Bar = 132.59 𝜇m). Treated area: the dermatoscopic picture shows low vascularity in the scar tissue (e). The RCM picture
of the scar and its surroundings demonstrated that the scar is depressed relative to the normal skin ((f) Bar = 70.10𝜇m); there were collagen
fibers regular and elongated and a few narrow vessels (arrows) among them ((g) Bar = 138.68 𝜇m) and regular and elongated collagen fibers
((h) Bar = 129.54 𝜇m).

telangiectasias and diffuse erythema, with slightly less change
in epidermal pigmentation and lentigines. The combined
sequential PDL/Nd:YAG laser can be used safely and effec-
tively in facial photorejuvenation [17].

Nouri et al. compared the effectiveness of the 585 nm
versus the 595 nm PDL in the treatment of new surgical
scars. Both lasers improved the cosmetic appearance of the
scars statistically. However, 585 nm appeared to be the better
wavelength, as it substantially normalized the height in a
significant number of the scars, in addition to the vascularity
and pliability. It also emerged that both short (450 𝜇s) and
long (1.5 ms) 585 nm pulses were safe and effective in
improving the quality and cosmetic appearance of surgical
scars starting on the day of suture removal. No significant
difference was detected between the results with the different
pulse durations.The cryogen-cooled 585 nmand 595 nmPDL
was used with a spot size of 10mm or 7mm and a pulse
duration of 450𝜇s or 1.5ms at a fluence of 3.5 J/cm2 to treat
surgical scars starting on the day of suture removal [12–14].

In previous publications, the most significant improve-
ments were found in vascularity and pliability after therapy
with the 585 nm or 595 nm PDL [12–15].

Bencini et al. have described the long-term effects of
carbon dioxide (CO

2
) laser treatment on skin aging after

fractional laser therapy lasting 6 weeks to 3 months at least.

Epidermal changes and collagen remodeling were evaluated
by in vivo confocal microscopy [22]. Recently, Sattler et al.
treated healthy probandswith fractional carbon dioxide laser;
then the optical follow-ups were performed using confocal
laser scanning microscopy and optical coherence tomogra-
phy right after laser application and during the following
3 weeks. Both of these techniques were able to visualize
the therapeutical effects of the laser therapy, suggesting that
noninvasivemethods could be used to evaluate the efficacy of
laser treatments [23].

The aimof the present studywas to investigate the efficacy
of the combined 585/1064 nm laser treatment of surgical scars
and to evaluate the short-term effects by in vivo confocal
microscopy and the long-term effects by VSS. Surgical scar
treatment with the combined PDL/Nd:YAG laser therapy
starting on the day of suture removal has not been reported
previously.

In our study, one half of each of the postoperative linear
scars immediately after suture removal was treated three
times at monthly intervals with the combined 585/1064 nm
laser and the cosmetic appearances of the treated and
untreated scar halves were compared. The VSS parameters
indicated a significant improvement at the final assessment
relative to the control. Our results are in concordance with
recent data of other authors on the topic.
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When additional surgical scars (𝑛 = 7 scars) were
similarly treated only once with the combined 585/1064 nm
laser, dermatoscopy and RCM one week later demonstrated
an improvement in the treated area, which exhibited only
low numbers of narrow horizontal vessels and decreased
amounts of collagen fibers, the orientations of which were
not uniformly parallel. We examined both parts of the scar
by dermatoscopy and RCM one week later since the high
temperature applied induces occlusion and absorption of
abnormal blood vessels in the scar tissue area, which results
in artificial ischemia, inhibiting nutrient supply to thewound.
We eliminated the subjectivity of the independent examiner;
therefore, the evaluation of changes in vascularisation and
rearrangement of collagen bundles was measured using
RCM.We found that RCMwas suitable for the monitoring of
wound healing with or without the combined 585/1064 nm
laser treatment. In conclusion, the combined PDL/Nd:YAG
laser proved to be safe and effective in improving the cosmetic
appearance (𝑛 = 39 scars) of surgical scars in patients with
skin types I–IV, starting on the day of suture removal, and this
improvement was confirmed at the structural level (𝑛 = 7) by
in vivo confocal microscopy. RCM proved to a valuable tool
for monitoring the efficacy of laser treatment of the scars.
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for their technical assistance. This work was supported by
TAMOP-4.2.2.A-11/1/KONV-2012-0035 research Grant.

References

[1] C. Tziotzios, C. Profyris, and J. Sterling, “Cutaneous scarring:
pathophysiology, molecular mechanisms, and scar reduction
therapeutics: part II. Strategies to reduce scar formation after
dermatologic procedures,” Journal of the American Academy of
Dermatology, vol. 66, no. 1, pp. 13–24, 2012.

[2] S. A. Eming, T. Krieg, and J. M. Davidson, “Inflammation in
wound repair: molecular and cellular mechanisms,” Journal of
Investigative Dermatology, vol. 127, no. 3, pp. 514–525, 2007.

[3] M. H. Gold, “Dermabrasion in dermatology,” American Journal
of Clinical Dermatology, vol. 4, no. 7, pp. 467–471, 2003.

[4] M. A. Musgrave, N. Umraw, J. S. Fish, M. Gomez, and R.
C. Cartotto, “The effect of silicone gel sheets on perfusion of
hypertrophic burn scars,” Journal of Burn Care&Rehabilitation,
vol. 23, no. 3, pp. 208–214, 2002.

[5] N. Bouzari, S. C. Davis, and K. Nouri, “Laser treatment
of keloids and hypertrophic scars,” International Journal of
Dermatology, vol. 46, no. 1, pp. 80–88, 2007.

[6] M. L. Elsaie, S. Choudhary, M. McLeod, and K. Nouri, “Scars,”
Current Problems in Dermatology, vol. 42, pp. 131–139, 2011.

[7] T. S. Alster and C. Handrick, “Laser treatment of hypertrophic
scars, keloids, and striae,” Seminars in Cutaneous Medicine and
Surgery, vol. 19, no. 4, pp. 287–292, 2000.

[8] M. P. Goldman and R. E. Fitzpatrick, “Laser treatment of scars,”
Dermatologic Surgery, vol. 21, no. 8, pp. 685–687, 1995.

[9] H. Nakagawa, O. T. Tan, and J. A. Parrish, “Ultrastructural
changes in human skin after exposure to a pulsed laser,” Journal
of Investigative Dermatology, vol. 84, no. 5, pp. 396–400, 1985.

[10] Y.-R. Kuo, S.-F. Jeng, F.-S. Wang et al., “Flashlamp pulsed
dye laser (PDL) suppression of keloid proliferation through
down-regulation of TGF-𝛽1 expression and extracellularmatrix
expression,” Lasers in Surgery and Medicine, vol. 34, no. 2, pp.
104–108, 2004.

[11] R. R. Anderson and J. A. Parrish, “Selective photothermolysis:
precise microsurgery by selective absorption of pulsed radia-
tion,” Science, vol. 220, no. 4596, pp. 524–527, 1983.

[12] K. Nouri, G. P. Jimenez, C. Harrison-Balestra, G. W. Elgart, and
H. Chan, “585-nm pulsed dye laser in the treatment of surgical
scars starting on the suture removal day,”Dermatologic Surgery,
vol. 29, no. 1, pp. 65–73, 2003.

[13] K. Nouri, M. P. Rivas, M. Stevens et al., “Comparison of the
effectiveness of the pulsed dye laser 585 nm versus 595 nm in
the treatment of new surgical scars,” Lasers in Medical Science,
vol. 24, no. 5, pp. 801–810, 2009.

[14] K. Nouri, M. L. Elsaie, V. Vejjabhinanta et al., “Comparison of
the effects of short- and long-pulse durations when using a 585-
nm pulsed dye laser in the treatment of new surgical scars,”
Lasers in Medical Science, vol. 25, no. 1, pp. 121–126, 2010.

[15] T. D. Conologue and C. Norwood, “Treatment of surgical scars
with the cryogen-cooled 595 nmpulsed dye laser starting on the
day of suture removal,” Dermatologic Surgery, vol. 32, no. 1, pp.
13–20, 2006.

[16] J. Y. Jung, Y. S. Choi, M. Y. Yoon, S. U. Min, and D. H. Suh,
“Comparison of a pulsed dye laser and a combined 585/1,064-
nm laser in the treatment of acne vulgaris,” Dermatologic
Surgery, vol. 35, no. 8, pp. 1181–1187, 2009.

[17] A. L. Berlin, M. Hussain, and D. J. Goldberg, “Cutaneous
photoaging treatedwith a combined 595/1064 nm laser,” Journal
of Cosmetic and Laser Therapy, vol. 9, no. 4, pp. 214–217, 2007.

[18] M. A. Trelles, R. Weiss, J. Moreno-Moragas, C. Romero, M.
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According to the literature, intense pulsed light (IPL) represents a versatile tool in the treatment of some dermatological conditions
(i.e., pigmentation disorders, hair removal, and acne), due to its wide range of wavelengths. The authors herein report on 58
unconventional but effective uses of IPL in several cutaneous diseases, such as rosacea (10 cases), port-wine stain (PWS) (10 cases),
disseminated porokeratosis (10 cases), pilonidal cyst (3 cases), seborrheic keratosis (10 cases), hypertrophic scar (5 cases) and keloid
scar (5 cases), Becker’s nevus (2 cases), hidradenitis suppurativa (2 cases), and sarcoidosis (1 case). Our results should suggest that
IPL could represent a valid therapeutic support and option by providing excellent outcomes and low side effects, even though
it should be underlined that the use and the effectiveness of IPL are strongly related to the operator’s experience (acquired by
attempting at least one specific course on the use of IPL and one-year experience in a specialized centre). Moreover, the daily use of
these devices will surely increase clinical experience and provide new information, thus enhancing long-term results and improving
IPL effectiveness.

1. Introduction

First introduced in 1990s, intense pulsed light (IPL) was
obtained by U.S. Food and Drug Administration (FDA)
authorization in 1995 for the treatment of lower-limb telang-
iectasias.

This polychromatic, noncoherent, and broad-spectrum
pulsed light source (xenon lamp) is able to emit light of
a wavelength between 390 nm and 1200 nm [1]. Its basic
principle consists in the absorption of photons by exoge-
nous or endogenous chromophores within the skin; this
transfer of energy to the target structures generates heat
and subsequent destruction of the target through a process
called selective photothermolysis. The wavelength should be
selected in dependence of the absorption peak of the target
chromophore and the pulse duration should last less than the
thermal relaxation time. This limits the diffusion of heat and
damage to surrounding structures.

The main chromophores of the skin, such as haemo-
globin, melanin, and water, have a broad absorption spec-
trum. Through the use of a filter, available from 500 nm to
755 nm, it is possible to select the wavelengths suitable for
the established treatment.The IPL’s pulse durationmay be set
within a relatively wide range between 1 and 100milliseconds,
depending on the selected device. In addition, a wide range
of treatment parameters, including pulse sequence and pulse
delay time, can be customized, thus giving users greater
versatility and accuracy [1].

Versatility represents a significant advantage for expe-
rienced dermatologists, but it could be a serious limit for
nonexperienced physicians and for nonmedical staff since
an erroneous selection of the setting can cause serious side
effects.

In daily practice, the application of a gel is necessary, as
well as direct contact between the handpiece and the skin,
although this hinders the local immediate response.
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Table 1: Clinical data.

Number of patients Gender Mean age (range)
Rosacea 10 5 M, 5 F 51.6 (38–62)
Port wine stain 10 7 M, 3 F 52.1 (8–52)
Disseminated Porokeratosis 10 2 M, 8 F 58.3 (41–70)
Pilonidal cyst 3 3 M 24.6 (18–34)
Seborrheic keratosis 10 6 M, 4 F 61.7 (35–83)
Hypertrophic scar/keloids 5/5 3 M, 2 F/2 M, 3 F 30.2 (21–37)/34.8 (27–43)
Becker’s nevus 2 2 M 29 (26–32)
Hidradenitis suppurativa 2 1 M, 1 F 32 (26–38)
Sarcoidosis 1 1 F 26
Total 58 32M, 26F 42.7 (8–83)

The combination of wavelength, pulse duration, delay,
and fluence allows the use of IPL devices in the treatment
of several dermatological conditions, such as acne vulgaris,
pigmentation disorders, vascular lesions, hirsutism, photo-
damaged skin, scars and birthmarks, and melasma [2–4].

The authors herein suggest many unconventional uses of
IPL in the treatment of different dermatological conditions,
such as rosacea (10 cases), port-wine stain (PWS) (10 cases),
disseminated porokeratosis (10 cases), pilonidal cyst (3 cases),
seborrheic keratosis (10 cases), hypertrophic scar (5 cases)
and keloid scar (5 cases), Becker’s nevus (2 cases), hidradeni-
tis suppurativa (2 cases), and sarcoidosis (1 case).

Acne rosacea or rosacea is a chronic dermatitis of
unknown aetiology, characterized by erythema, telangiec-
tasias, papules and pustules [5, 6].

Port-wine stain is a common congenital vascular malfor-
mation occurring in up to 25% of infants [7–10].

Disseminated porokeratosis is a localized alteration of ker-
atinization. Clinically, one or more atrophic mainly asymp-
tomatic and sometimesmildly itching plaques surrounded by
an hyperkeratotic border (histologically defined as a cornoid
lamella) are observed due to a rapid proliferation of atypical
keratinocytes [11–14].

Pilonidal cyst, also known as pilonidal sinus or sacrococ-
cygeal cyst (due to its frequent onset in this area), is a cyst
containing hair and skin debris [15–19].

Seborrheic keratosis is a benign skin lesion of the epider-
mis, mainly localized on seborrheic areas, in particular, the
face and trunk. The most common clinical presentation is
a lesion with warty or squamous crusted surface of variable
size, coloured yellow-brown or dark-brown with blackish
specks, with soft consistency [20, 21].

Hypertrophic scars and keloids are a serious physical and
psychological dermatological condition for patients. Despite
the several studies performed on metabolisms and treatment
of wounds and scars, the exact pathogenesis of keloids
and hypertrophic scars remains unknown and this makes
therapies even more complicated [22].

Becker’s nevus is a mostly male-predominant birthmark
hyperpigmentation, presenting with a unilateral (rarely bilat-
eral), benign hypermelanotic patch usually sited on the shoul-
der, chest, or lower back. Grouped brown spots with a bizarre
border are the common presentation, with hypertrichosis in
half of the cases [23, 24].

Hidradenitis suppurativa is a common disease, also
known as acne inversa, which leads to a chronic relapsing
suppurative inflammation of regions where apocrine glands
occur, that is, axilla, inguinal folds, perineum, genitalia,
and periareolar region. Several predisposing, triggering, and
etiologic factors have been encountered (androgenic dys-
function, obesity, etc.); thus, authors agree that aetiology is
still unclear. Commonly, the follicles into which the apocrine
glands open are plugged by keratin and infections, mainly
caused by anaerobic organisms which develop the following
stasis and cause cysts that are extremely painful to palpation
[25–27].

Sarcoidosis is both a systemic and a dermatologic syn-
drome of unknown etiology which can affect the skin as well
the lymph nodes and viscera. The lesions can be single or
multiple and can range from macules to large plaques and
nodules. Cutaneous involvement is referred to in up to 25%
of patients with systemic sarcoidosis. Plaques,maculopapular
eruptions, subcutaneous nodules, and lupus pernio can be
observed as well as cutaneous manifestations [28–33].

2. Material and Methods

58 consecutive patients (32 males and 26 females, mean age
42.7—range 8–83) presenting with nine different dermato-
logical disorders were treated with IPL as an unconventional
approach (Table 1). The aim of the study was to verify the
efficacy of IPL by comparing the obtained results with results
achieved through conventional treatment options (according
to the literature) using either clinical or dermoscopic pictures
before and after each session. Notably, dermoscopy con-
ducted before treatment confirmed its usefulness in confirm-
ing diagnosis and in highlighting specific characteristics of
each condition, such as number and calibre of blood vessels,
distribution of pigment, and presence of crusts or hairs; thus,
it also represents a valid method for outcome assessments
[34]. An IPL device (DekaM.E.L.A. Srl, Calenzano, Florence,
Italy) with two different handpieces for 500 nm and 550 nm
filters was used and set according to the skin type and clinical
characteristics of each patient. Dermoscopic images were
made in all cases before, immediately after and at distance
from each treatment using a special lens for dermoscopy
(DermLite Foto, 3GEN LLC, San Juan Capistrano, CA, USA)
connected to a digital camera (Canon PowerShot A360).
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Table 2: IPL setting for each off-label dermatological disease treated.

Filters Number of pulses Pulse duration Delay Fluence Number of sessions
Rosacea erythematotelangiectatic
component 500 2 5–10msec 10msec 12–16 J/cm2 Up to 4

Rosacea papulopustular component 550 2 5–10msec 10msec 10–12 J/cm2 Up to 5

Port wine stain 500 2 5–10msec 10msec 13–16 J/cm2 Up to 5

Disseminated porokeratosis 550 2 5–10msec 10msec 10–12 J/cm2 Up to 4

Pilonidal cyst 550 3 5msec 20msec 7–9 J/cm2 Up to 3

Seborrheic keratosis 550 2 5–10msec 10msec 10–12 J/cm2 2

Hypertrophic scar and keloid
pigmented component 550 2 5–10msec 10msec 10–12 J/cm2 Up to 5

Hypertrophic scar and keloid
vascular component 500 2 5–10msec 10msec 14–17 J/cm2 Up to 6

Becker’s nevus
hair removal 550 2-3 5msec 10–20msec 7–9 J/cm2 Up to 4

Becker’s nevus
pigmented component 550 2 5–10msec 10msec 9–12 J/cm2 Up to 5

Hidradenitis suppurativa hair
removal 550 2-3 5msec 10–20msec 7–9 J/cm2 Up to 4

Hidradenitis suppurativa
inflammatory component 550 2 5–10msec 10msec 8–10 J/cm2 Up to 5

Sarcoidosis 500 2 5–10msec 10msec 12–16 J/cm2 Up to 4

A soothing cream, a gentle cleansing, and a photoprotec-
tion (SPF50) solution were prescribed to each patient after
each session.

In the following, the authors describe the IPL scheme
treatments and the results obtained for each dermatological
condition. Each patient has been informed that at least two
sessions up to six sessions, with intervals of approximately
20–30 days, are needed to gain significant results.

Rosacea. Ten patients (5 females and 5 males) aged between
38 and 62 years (average age 51.6 years) with Fitzpatrick
phototype II-III presented with rosacea, 6 with an erythema-
totelangiectatic form, 3 with papules and pustules, and only
one with rhinophyma.

The telangiectatic component was treated with the
500 nm handpiece, while the papulopustular component was
subsequently treated with the 550 nm handpiece (Table 2).

Port-Wine Stain. Ten patients (7 males and 3 females) aged
between 8 and 52 years (average age 22.1 years) with Fitz-
patrick phototype II-III were treated for the presence of a
PWS. Lesions were sited on the malar part of the face (3
cases), on the nose (2 cases), on the glabella (1 case), on the
upper lip (1 case), on the forehead (1 case), on the posterior
part of the neck (1 case), and on the posterior upper-right
limb (1 case), respectively. Table 2 shows the IPL setting used
in these cases.

Disseminated Porokeratosis. Ten patients (8 females and 2
males) aged between 41 and 70 years (average age 58.3
years) with Fitzpatrick phototypes II–IV were treated for
the presence of multiple disseminated, atrophic, and slightly
itchy plaques with a hyperkeratotic border. The lesions were
mainly located on the lower extremities (50%), on the upper
extremities (40%), and on the back (10%). Protocol shown on
Table 2 has been successfully applied to these patients.

Pilonidal Cyst.Three patients (3males) 18, 22, and 34 years old
(average age 24.6 years) presented with a recurrent, inflamed,
sore, and swollen cyst localized in the sacrococcygeal region.
The lesion of the oldest patient had already been surgically
treated. IPL action on hair follicles is well known and
we thus suggested the use of this device with the aim of
destroying hairs encapsulated within the cyst and hairs in the
surrounding area. The anti-inflammatory properties of IPL
proved to be effective in reducing the risk of recurrence. We
decided to treat the lesion according to the protocol shown
on Table 2.

Seborrheic Keratosis. Ten patients (6 males and 4 females)
aged between 35 and 83 years (average age 61.7 years) with
Fitzpatrick phototypes I–III were treated for the presence
of multiple disseminated small seborrheic keratoses sited
on the face (30%), on the chest (25%), and on the back
(45%).
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Figure 1: Rosacea: significant results with a significant reduction in vessel number and size and a complete disappearance of papules have
been achieved after 4 IPL sessions.

All lesions were treated at intervals of 15–20 days for a
total of 4 sessions per case according to the protocol shown
in Table 2.

Dermoscopic images were obtained for each case before
(also for diagnostic purpose), immediately after, and at a
distance from each treatment using the same equipment
described above.

Hypertrophic Scars and Keloids. Ten patients, 5 presenting
with hypertrophic scars (3 males and 2 females aged between
21 and 37 years, average age 30.2 years) and 5 presenting
with keloids (3 females and 2 males aged between 27 and 43
years, average age 34.8 years), were treated with both 500 nm
(vascular component) and 550 nm (pigmented component)
wavelength handpieces. The first sessions with the 550 nm
handpiece were carried out for the pigmented component
where present. Whereupon, successive treatments with the
500 nm handpiece have been made for treating the vascular
component (Table 2).

At least 30 days of rest are required before the subsequent
session and a few months are needed to obtain very positive
results.

Becker’s Nevus. A 32-year-old man presented with Becker’s
nevus sited on his left shoulder blade. Clinically, a hypertri-
chotic brown patch with irregular edges of 12 cm × 9 cm in
size was observed. Successively, a 26-year-old man presented
with Becker’s nevus without hypertrichosis of 8,5 cm × 8 cm
in size and sited on his upper-right chest. In the first case, we
decided to first use a 550nm wavelength handpiece with the
aim of removing the hair components (Table 2).

After four sessions of IPL at intervals of 40 days, we
performed two additional sessions with the aim of treating
the hyperpigmented component (Table 2). Only the protocol
shown in Table 2 was applied to the second patient since the
hypertrichotic component was not present.

Hidradenitis Suppurativa. One 38-year-old man, previously
treated in a surgical way (clinical stage II (Hurley’s stag-
ing system) and sartorius score of 36), and one 26-year-
old woman presented with hidradenitis suppurativa of the
axillary region, bilateral (clinical stage I (Hurley’s staging
system) and sartorius score of 24).

After four sessions of IPL at intervals of 15–20 days,
we performed two additional sessions with 2 pulses of 5ms

and 10ms separated by a delay of 10ms and a fluence of
9 J/cm2 with the aim of treating the inflammatory component
(Table 2).

Sarcoidosis. A 26-year-old female presented with three
painful, firm, and vascularized nodules sited on the anterior
and posterior parts of the pinna and on the helix. Through
histopathological examination, a diagnosis of sarcoidosis was
posed. The patient had already undergone intralesional cor-
ticosteroid therapy without results. Thus, we suggested using
the IPL device with the aim of hitting the very prominent
(especially on dermoscopic evaluation) vascular component
within the lesions.

3. Results

In this study, we obtained good outcomes for all the treated
patients, who were affected by different dermatological con-
ditions. Our results are summarized as follows.

Rosacea. Patients required from 2 to 5 sessions, at intervals
of approximately 20–30 days, to gain significant results, even
though amoderate reduction in vessel number and size and a
partial disappearance of papules were observed subsequent to
the second session (Figure 1). A 12-month follow-up revealed
the complete absence of recurrences and the persistence of
the achieved outcomes in 7 of 10 patients (70%) whereas the
other 3 patients required a new treatment within the year for
the slight relapse of the papulopustular component.

Port-Wine Stain. The results were already visible after the end
of the first session. Dermoscopy performed before treatment
highlighted the number, calibre, and depth of the target
vessels. Superficial vessels were hit with greater accuracy
by IPL and dermoscopic examinations revealed a change in
vessel colour from red to blue immediately after treatment.
In cases of high numbers of vessels, erosions and crusts can
follow treatment sessions for several days. The number of the
treatments required to gain significant results depended on
the depth and site of the PWS.

Three out of 10 patients (30%) obtained excellent results
(disappearance of PWS), 6 of 10 (60%) obtained good results
(disappearance of almost 70% of treated vessels), and only
one (10%) obtained amoderate result (disappearance of about
30% of the lesion) (Figure 2).The obtained results, confirmed
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Figure 2: Port-wine stain: after 4 IPL sessions, the patient gained excellent results.

Figure 3: Disseminated porokeratosis: after 4 treatments, an important reduction of the hyperkeratotic edge and a reduction in the intensity
of melanin have been observed.

by dermoscopy, were stable after a follow-up period ranging
from 1 to 3 years.

Disseminated Porokeratosis. All treated patients showed inter-
esting results, despite the fact that the histology confirmed the
persistence of cornoid lamella. In fact, one patient who had
shown significant improvements after four sessions presented
at the follow-up visit with an important reduction of the
hyperkeratotic edge and a reduction in the intensity of
melanin (Figure 3); a punch biopsy was performed and the
histopathologic examination revealed the persistence of a
cornoid lamella.

Pilonidal Cyst. A complete resolution was achieved by the
third session (80 days after the first visit) in 3 patients treated.
(Figure 4) After a follow-up period of 5 years, for the first
patient treated, and one year, for the other two, no recurrence
has been observed.

Seborrheic Keratosis. Superficial and small seborrheic ker-
atoses responded well to IPL, whereas larger and/or deeper
lesions may require a CO

2
laser or other treatment. Der-

moscopy is useful either to confirm diagnosis or to demon-
strate a change in lesion colour from brown to grey immedi-
ately after treatment, thus predicting a good response to the
treatment. Seborrheic keratosis was usually resolved with a
mild inflammation and a complete recovery within 30 days
after an average of two treatments (Figure 5).

Hypertrophic Scars and Keloids. Dermoscopic images reve-
aled a significant reduction of vascular component in the
thicker areas. Scars flattened and became smaller after three
sessions. (Figures 6 and 7) All in all, good results were
achieved, even though lengthy treatment (several months) is
needed. The obtained results were stable during the follow-
up. In one out of 5 cases of keloids, the lesion has resumed its
growth phase.

Becker’s Nevus. A progressive hair removal and a reduction
of the hyperpigmented area were achieved to the good
satisfaction of both patients (Figure 8).

Hidradenitis Suppurativa. At the end of the suggested scheme
protocol, hidradenitis suppurativa was completely removed
in both its inflammatory and painful components; hair
removal was also achieved (Figure 9).

Sarcoidosis. A significant reduction of the vascular compo-
nent and in the consistency of the lesions was achieved, thus
leading to pain disappearance (Figure 10).

4. Discussion

In this study, we report on our good results achieved with
almost all 58 patients affected by different dermatological
conditions. With the aim of providing more exhaustive
details, we will briefly discuss each condition separately.
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Figure 4: Pilonidal cyst: a complete resolution was achieved by the third session.

Figure 5: Hidradenitis suppurativa: complete resolution of pustular-papules progressive hair removal after 3 IPL treatments, bilaterally.
Clinical stage I (Hurley’s staging) and sartorius score of 24.

(a)

(b)
Figure 6: Seborrheic keratosis: (a) significant reduction of multiple seborrheic keratoses of the face after 2 IPL sessions, (b) seborrheic
keratoses of the back disappeared after 2 IPL sessions.
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Figure 7: Hypertrophic scar: significant reduction of vascular component in the thicker areas before and after 3 IPL treatments.

Figure 8: Keloid: scar after three sessions of IPL. Dermoscopy performed immediately after the first treatment showed a variation of the color
from red-blue to red.

Rosacea. Treatment of clinical manifestation of rosacea usu-
ally involves lasers such as argon, pulsed dye, Nd:YAG, CO

2
,

and KTP, frequently causing burns, pain, and outcomes such
as scars and significant hyperpigmentation due to incautious
assessment of the lasers’ photophysical parameters.

The ability to choose the duration of pulses makes IPL
a versatile tool in the treatment of rosacea. The possibility
of different filter settings (515, 550, 560, 570, and 590 nm)
allows a wider selection of the range colour of the vascular
system. A surface of 2.8 cm2 can be treated with a single shot,
in contrast to the pulse dye laser (1.96 cm2 or 0.78 cm2) and
argon (3mm2). The larger surface offers greater efficiency, in
terms of reducing treatment sessions, and less discomfort for
the patient. Because it is able to divide the energy into two
or three pulses with different delays between one pulse and
the next, IPL allows the skin to cool down with minimal side
effects [5].

Since the treatment is relatively unpainful, it can be
carried out in the absence of anaesthesia. Immediate response
usually presents as a slight erythema and a purple colouring
which spontaneously resolves within 24–96 hours [5].

In a pilot study conducted byMark et al., a 30% reduction
of blood flow, a 29% reduction of telangiectasias, and a
21% reduction of erythema have been observed after five
sessions of IPL. Taub et al. noticed a reduction of 83% of
erythema, a reduction of 75% of flushing, and an improved
skin texture [5, 6]. A 2008 study performed by Papageorgiou
et al. noted the effectiveness of IPL in the treatment of rosacea
disease of phase I. It showed a significant improvement of
erythema, telangiectasias, and flushing. Severity was reduced

and persistent results at 6 months with minimal side effects
were obtained [2]. Reduction in the mechanical integrity
of connective tissue of the dermis surface, responsible for
passive dilatation of the blood vessels and thus resulting in
erythema, telangiectasia, release of inflammatory mediators,
and the formation of inflammatory papules and pustules,
seems to play a key role in the treatment of rosacea.Moreover,
IPL can improve rosacea through the ablation of its abnormal
vessels and through the collagen remodelling of the dermis.

Furthermore, IPL determines a significant reduction of
inflammation and in the number of active sebaceous glands,
thus blocking, with great effectiveness, the altered process of
keratinization [6].

In our study, all patients achieved significant results with
2 to 5 sessions of treatment.

Port-Wine Stain. Lasers such as the pulse dye laser, Nd:YAG,
alexandrite, and the diode laser are the most used ones in the
treatment of PWS [7, 8].

Currently, the first-choice treatment for PWS is rep-
resented by the pulsed dye laser; unfortunately, it cannot
completely remove PWS. The energy emitted reaches only
superficial vessels, thus resulting in a decreased amount of
available light to hit the deeper ones (shadow effect). Because
of this effect, hyper- and hypopigmentation and atrophic and
hypertrophic scars may result after treatment [10]. When a
PWS, especially with nodular component, is treated with an
external light source, the main goal is to reach the vessels
localized at the lower surface. IPL, thanks to its variability of
pulse and fluence and to its possibility to divide the energy
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Figure 9: Becker’s nevus: a progressive hair removal and a reduction of the hyperpigmented area were achieved to the good satisfaction of
the patient.

Figure 10: Sarcoidosis: significant reduction of the nodules with diminution of the painful sensation after 3 IPL treatments.

into different pulses, allows an additional heating which
leads to coagulation of blood vessels of different diameter
and different depth [1, 8]. Raulin et al. reported a 70–99%
resolution of pink-coloured PWS after 2.9 treatments, of red
PWS after about 1.4 treatments, and of purple PWS after
an average of 2.4 sessions. In a study by Ozdemir et al.,
37 patients with PWS were evaluated with results of up to
100% in 7 patients and 70–99% in 14 patients. In fact, IPL
can be considered an effective treatment option. However,
IPL systems require considerable experience and should be
conducted with the aid of a good dermoscopy in order to
determine the type of vessels to treat [34].

Disseminated Porokeratosis. Potential therapies include topi-
cal 5-fluorouracil, oral retinoids, CO

2
laser, pulse dye laser,

Nd:YAG, cryotherapy, dermabrasion, surgical excision, and
imiquimod, or a combination of several therapies simultane-
ously [11–14].

In cases of superficial actinic porokeratosis, IPL proves to
be a valid therapeutic option by determining a destruction

of the pigment without risk of scarring or other side
effects.

Pilonidal Cysts and Hidradenitis Suppurativa. According to
the literature, laser technology applied in such cases includes
CO
2
laser and Nd:YAG. For its photocoagulative action,

CO
2
laser treatment produces a precise wound with minimal

blood loss, leaving a surgical field clean and dry, but it is able
to coagulate large vessels and requires a long recovery period
[16–19].

IPL may represent a valid option for such lesions. The
broad light spectrum is absorbed by the hair shaft, generates
heat, and destroys the hair follicle. IPL acts on the melanin
of the hair follicle causing necrosis of the follicle within the
cyst. Similarly, it acts on the hairs of the surrounding area in
order to reduce recurrence. Moreover, IPL has proven to be
a powerful anti-inflammatory treatment able to eliminate the
chronic inflammationwithin the cyst [19]. In 2011, Highton et
al. selected 18 patients affected by HS and treated one axilla,
groin, or inframammary area with intense pulsed light two
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times per week for 4 weeks using a harmony laser, whereas
the contralateral side received no treatment and was used as a
control. A significant improvement in the mean examination
and its persistence at 12 months led patients to report high
levels of satisfaction. No concurrent improvement on the
untreated control side has been observed. This small study
suggests that intense pulsed light may be an effective treat-
ment for HS. Although only a few data have been reported so
far, results suggest efficacy and safety and the absence of side
effects [26].

Seborrheic Keratosis. In previous studies, lasers have been
demonstrated to be effective in the treatment of seborrheic
keratosis, such as alexandrite (755 nm) and diode laser [21].

No studies on the use of pulsed light for the treatment
of seborrheic keratosis have been published so far. Thanks
to its broad spectrum of action, it is possible to select the
specific wavelength to act selectively on the melanin pigment
of seborrheic keratosis. Immediately after the treatment,
a change in colour from brown to grey is observed at
dermoscopic evaluation and this represents a sign of success
of the performed procedure [34]. Subsequently, keratosis
tends to disappear completely without residual erythema.
The treatment is, however, limited to superficial and small
seborrheic keratoses.

Hypertrophic Scars and Keloids. The pulse dye laser has
been reported to produce long-term improvements in the
appearance of hypertrophic scars. A very recent pilot study
has demonstrated the effectiveness of IPL in wound heal-
ing after suture removal. The basic mechanism is not yet
fully understood but most probably an action on vascular
proliferation, essential for the growth of collagen, and on
pigmentation resulting from scar formation is involved [22].
Despite thewide use of IPL in various skin diseases, only a few
studies demonstrating its effectiveness on hypertrophic scars
have been published to date. Wavelengths around 1200 nm
are absorbed by the water within the dermis thus triggering
a reaction that leads to cytokine stimulation of collagen
fibres of types I and III and elastin. The absorption peak of
the collagen fibres is found to be from 400 nm to 600 nm.
The heating of the collagen fibres by the IPL leads to their
contraction, with a clinically detectable improvement in the
texture. The IPL, in contrast to other treatments, is not
invasive and has very few side effects. Bellew et al. have
shown that the IPL is as effective as the long pulse dye laser
(595 nm), resulting in a greater softness of the scar. Kontoe
et al. reported an improvement of more than 75% in the
pigmentation of hypertrophic scars, 50% higher than that in
the scars from asphalt, and 50% reduction in the size and
thickness of hypertrophic scars. This is probably due to the
inhibition of the action of the vessel caused by IPL on scar
tissue and on the subsequent proliferation of collagen [22].

Becker’s Nevus. Trelles et al. compared the effectiveness of the
Erbium:YAG laser with theNd:YAG laser in 22 Becker’s nevus
patients, 11 for each group. Up to now, there have been no
studies on the treatment of Becker’s nevus with IPL. Such
treatment is able to produce synchronized single or multiple

pulses with the possibility of varying the pulse duration.
We can then select the appropriate wavelength, taking into
account the main absorption spectrum of the pigmented
structures (between 400 nm and 600 nm) and the right pulse
duration to act efficiently on the hair follicle. We can operate
on both components with excellent results. [23, 24].

Sarcoidosis. In his systematic review on the use of pulsed
dye laser in the treatment of inflammatory skin diseases
published in 2013, Erceg A reported on five case reports of
PDL treatment for cutaneous sarcoidosis/lupus pernio [28–
33]. In our experience, IPL has been proven to have a signif-
icant effect on the vascular component of granulomata. Even
though IPL could not definitely treat cutaneous sarcoidosis, a
great improvement of patients’ pain and symptoms could be
achieved.

5. Conclusions

According to the literature, the effectiveness of IPL has now
been well demonstrated. Its versatility, in contrast with many
single-laser spectrums, has led to its rapid spread in different
clinical scenarios, while the wide range of wavelengths allows
us to use these devices for a broader range of clinical condi-
tions. However, we would like to underline how the use and
effectiveness of the IPL are strongly related to the operator’s
experience. Apart from facilitating excellent outcome, the
broad spectrum of wavelengths used and the high number
of parameters can affect the final result and increase the
risk of side effects. The daily use of these devices will surely
increase clinical experience and provide new information,
thus enhancing long-term results and improving IPL effec-
tiveness.
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Nonlinear optical microscopy has the potential of being used in vivo as a noninvasive imaging modality for both epidermal and
dermal imaging. This paper reviews the capabilities of nonlinear microscopy as a noninvasive high-resolution tool for clinical skin
inspection. In particular, we show that two-photon fluorescence microscopy can be used as a diagnostic tool for characterizing
epidermal layers by means of a morphological examination. Additional functional information on the metabolic state of cells
can be provided by measuring the fluorescence decay of NADH. This approach allows differentiating epidermal layers having
different structural and cytological features and has the potential of diagnosing pathologies in a very early stage. Regarding therapy
follow-up, we demonstrate that nonlinear microscopy could be successfully used for monitoring the effect of a treatment. In
particular, combined two-photon fluorescence and second-harmonic generation microscopy were used in vivo for monitoring
collagen remodeling after microablative fractional laser resurfacing and for quantitatively monitoring psoriasis on the basis of the
morphology of epidermal cells and dermal papillae. We believe that the described microscopic modalities could find in the near
future a stable place in a clinical dermatological setting for quantitative diagnostic purposes and as amonitoringmethod for various
treatments.

1. Introduction

The “gold standard” for tissue diagnostics is the histological
examination, which is performed by means of white light
optical microscopy on cryosectioned, processed, and labelled
slices of tissue. Modern optics provides imaging tools for a
noninvasive label-free deep imaging of skin that offer the
potential for both tissue diagnostics and therapy follow-up in
vivo and in situ, without the requirement of a biopsy.

Among these optical techniques, two-photon fluores-
cence (TPF) microscopy [1] is a high-resolution laser scan-
ning imaging technique enabling deep optical imaging of
tissues. TPF intrinsically offers several advantages with
respect to other laser scanning imaging techniques, including
higher spatial resolution, intrinsic optical sectioning capa-
bility, reduced photodamage and phototoxicity, and deeper
penetration depth within biological tissues [2]. Further, since
both cells and extracellular matrix intrinsically contain a
variety of fluorescent molecules (NADH, tryptophan, ker-
atins, melanin, elastin, cholecalciferol, and others), biological

tissues can be imaged by TPF microscopy without any
exogenously added probe [3–5]. By taking advantage of
mitochondrial NADH fluorescence, TPF microscopy can
be used for a morphological characterization of epithelia,
as demonstrated by studies performed on ex vivo tissue
samples [6, 7], fresh biopsies [8–12] and also in vivo on both
animals [13] and humans [14–18]. Additional morphological
information can be provided by second-harmonic generation
(SHG)microscopy [19–29], which can be combinedwith TPF
microscopy using the same laser source. In particular, while
TPF reveals the distribution of endogenous fluorophores such
as NADH, flavins, elastin, and others, SHG microscopy is
offering the direct high-resolution imaging of collagen struc-
tures. SHG was already largely used for imaging anisotropic
molecules inside cells [19, 20] and tissues [21, 23]. Collagen
fibres produce a high SHG signal [22] with which they can be
imaged inside skin dermis. Recently, SHG was also used for
investigating collagen fibres orientation and their structural
changes in healthy tissues as human dermis [10, 24, 28, 30, 31]

Hindawi Publishing Corporation
BioMed Research International
Volume 2014, Article ID 903589, 14 pages
http://dx.doi.org/10.1155/2014/903589

http://dx.doi.org/10.1155/2014/903589


2 BioMed Research International

or cornea [25, 27, 32] and in the tumour microenviron-
ment [33–35]. Combined TPF-SHG microscopy represent
a powerful tool for imaging skin dermis, since the main
dermal components, collagen and elastin, can be imaged by
SHG and TPF microscopy, respectively [4]. In particular, it
has been used for monitoring collagen alteration in dermal
disorders [28] or at the tumour-stroma interface [33–35],
as well as for monitoring skin aging by measuring the
collagen/elastic fibres content [36–38]. Fluorescence lifetime
imaging microscopy (FLIM), when performed with nonlin-
ear excitation, is an additional noninvasive microscopy tech-
nique enabling the identification of endogenous fluorescence
species and their surrounding medium by measuring the
decay rate of fluorescence emission [39, 40]. FLIM is useful
to study protein localization [41] and fluorescent molecular
environment [42]. FLIM was demonstrated to be a powerful
technique able to provide functional information about tissue
conditions [16, 17, 39, 40, 43–45]. It was successfully used
to characterize tissues and to detect cellular differentiation
inside epithelia as demonstrated by studies performed on cell
cultures [46], fresh biopsies [8, 11, 12], and recently also in vivo
[18]. Further, functional information on tissue conditions can
be revealed by means of time-resolved analysis of NADH
emission [46–48]. TPEF-FLIM has been previously applied
to the study of the fluorescent properties of both normal and
diseased skin [16, 17, 45] and has been demonstrated as an
important tool to characterize skin layers specificity [8, 16].

In this paper, after having described materials and
methods, we first show how it is possible to differentiate
various epidermal layers in vivo by using TPF microscopy.
In particular, the detection of skin autofluorescence allows
direct imaging of cells and their morphological classification
based on the cellular and nuclear sizes. Additional functional
information, related to the metabolic conditions of cells, can
be extracted by analysing the temporal decay of NADH fluo-
rescence bymeans of FLIM.We found that cells located in the
basal layer have the strongest metabolic activity, whereas the
activity is reduced when moving towards the epidermal sur-
face. Such approach can be used for characterizing epithelial
tissues in various physiologic conditions and has the potential
to detect pathologies in a very early stage, as demonstrated by
studies performed on cell cultures [46, 49], fresh biopsies [8,
11, 12], and also in vivo [18]. In the second part of the paper, we
show two different examples demonstrating that nonlinear
microscopy can be successfully used formonitoring the effect
of a laser-based treatment and for diagnosing andmonitoring
psoriasis. In particular, combined TPF and SHG microscopy
were used in vivo for monitoring collagen remodeling after
microablative fractional laser resurfacing and for character-
izing psoriasis on the basis of the morphology of epidermal
keratinocytes and dermal papillae. In the first example, in
vivo nonlinear imaging was performed at the dermal level
on the forearm of healthy subjects before and forty days after
microablative fractional laser resurfacing treatment with the
aim of characterizing collagen organization. Both qualitative
and quantitative analyses demonstrated a stronger collagen
synthesis and remodelling on older subjects, whereas the
modifications wereminimal on younger subjects.The second
example focuses on the morphological characterization of

both skin epithelium and papillary dermis in psoriasis. The
morphological differences that can be observed between
healthy and psoriatic skin are already well established by
histopathological examination. In the example shown, these
morphological differences were visualized in vivo by means
of nonlinear imaging. In particular, in psoriasis we observed
a drastically different morphology of epithelium with respect
to healthy skin that includes a thickening of corneum
layer, a disorganization of corneocytes, and a more sparse
arrangement of keratinocytes. Differences were observed also
at the dermal level in terms of an increased density and
penetration depth of dermal papillae in psoriasis with respect
to healthy skin. Morphological and architectural information
were quantified and could be used for monitoring their
course during a systemic treatment. The imaging modalities
presented here represent promising tools to be used for both
diagnostic and therapy follow-up purposes in dermatology
and they could find a stable place in a clinical dermatological
setting in the near future.

2. Materials and Methods

2.1. Experimental Setup. The experimental setup for imaging
is a custom-made compact flexible nonlinear laser scanning
microscope to be used for in vivo skin inspection.The system
is mainly composed of four parts: the laser source and
the optical system on the bench; the 7-mirror articulated
arm; the microscope head; and the multispectral detector
(see Figure 1(a)). The laser source is a Chameleon Ultra II
(Coherent, Santa Clara, CA, US) pulsed Ti:Sapphire laser
emitting 140 fs pulses at 80MHz repetition rate, tunable
in the range 690 nm–1080 nm. The output beam passes
through a polarization-based system for power adjustment,
made with a rotating half-waveplate and a polarizer, before
being collimated by a telescope. An electronic shutter SH05
(Thorlabs, Newton, NJ, US) allows minimizing the exposure
of the sample. Laser beam is then coupled to the articulated
arm (El.En. Group, Calenzano, Italy), which is made by
three titanium tubes connected through couples of mirrors,
mounted on ball-bearings-based 45-degree mounts. This
solution allows moving the microscope head maintaining
the laser beam aligned and centered inside the arm itself.
The laser beam is sent to the microscope head, composed
of three metallic plates that divide it into three levels.
In the lower level we placed detectors electronics, galvo-
mirrors driver C280 (Galvoline, Rome, Italy), and a step-
ping motor for focusing M-111.DG (Physik Insytrumente,
Karlsruhe, Germany). In the midlevel (scanning plate) we
have the scanning head G1222 (Galvoline, Rome, Italy), a
beam expander, a dichroic mirror 685DCXRU (Chroma
Technology Corporation, Rockingham, VT, US), and the
objective lens. Fluorescence (and/or SHG) light is reflected
by the dichroic mirror to the upper level (detection plate)
through a hole in which a laser blocking filter E700SP-
2P (Chroma Technology Corporation, Rockingham, VT,
US) is inserted. On the upper level (detection plate), there
are two detection systems. The former is composed of a
photomultiplier tube H7422 (Hamamatsu, Hamamatsu City,
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Figure 1: Experimental setup. (a) Photo of the custom nonlinear microscope experimental setup. (b) Detail of the forearm mounting stage.

Japan) and is based on photocurrent integration.The latter is
based on single photon counting and is made by an objective
lens Plan10x (Nikon, Tokyo, Japan) to collect light and to
couple it into a multimode optical fibre (OF), connected to
the multispectral detector (Multi-PMT). The insertion of a
narrowband-pass filterHQ420BP (ChromaTechnologyCor-
poration, Rockingham, VT, US) in the detection path allows
exclusively detecting SHG. The multispectral detector PML-
Spec (Becker-Hickl GmbH, Berlin, Germany) is composed
of a diffraction grating with 600 lines/mm and a 16-channel
multianode photomultiplier strip with 200 ps FWHM pulses
that allows time- and spectral-resolved detection. A special
custom mount, placed on the optical bench, allows placing
the forearm under the microscope for in vivo examination
(see Figure 1(b)).

The experimental setup used for microablative fractional
laser resurfacing is a SmartXide DOT (Deka, El.En. Group,
Calenzano, Italy) providing pulsed illumination in a raster
fashion in order to perform fractional ablation of skin. The
experiments were performed using a laser power of 20W,
a pixel dwell time of 1ms, and a spacing of 0.5mm over a
15mm by 15mm treated area. The volunteers were treated in
the volar part of the forearm.

2.2. Data Acquisition and Processing. Two objective lenses
can be mounted on the microscope: PlanFluor 40x (Zeiss,
Jena, Germany), oil immersion, NA1.3, and WD 0.16mm,
or XLUM 20x (Olympus Corporation, Tokyo, Japan), water
immersion, NA0.9, and WD 2mm. Acquisition and control
are performed using a PC and two synchronized I/O boards:
a PCI-MIO-16E (National Instruments, Austin, TX, US);
a SPC-730 (Becker-Hickl GmbH, Berlin, Germany). The
two boards are synchronized by an electronic timing board
E-6502 (National Instruments, Austin, TX, US) providing
a common trigger. The output settings are controlled by
custom-made software developed in LabView 7.1 (National
Instruments, Austin, TX, US) ambient. The visualization of
the acquired FLIM images is accomplished using dedicated
software SPCM 1.1 (Becker-Hickl GmbH, Berlin, Germany).

Image pixels exponential fits, deconvolution, and fluores-
cence decay analyses are performed using the software SPC-
Image 2.8 (Becker-Hickl GmbH, Berlin, Germany) using
a double-exponential decay model. Graphs and histograms
were prepared in Microcal Origin Pro 8.0 (OriginLab Co.,
Northampton, MA, US).

TPF images in the epidermis were typically acquired
using the 40x objective lens, 740 nm as excitationwavelength,
a resolution of 512 × 512 pixels (corresponding to a field of
view of about 200𝜇m), using a pixel dwell time of 20𝜇s, and
a power in the 20mW–50mW range, depending on the depth
of recording. FLIM imageswere acquired using the same laser
power and wavelength, with 128 × 128-pixel spatial resolution
(corresponding to 100 𝜇m field of view), a pixel dwell time
of 0.2ms, and an integration time of approximately 40 s per
image.

SHG images in the dermis were typically acquired using
the 20x objective lens, 900 nm as excitation wavelength, a
resolution of 512 × 512 pixels (corresponding to a field of
view of about 400𝜇m), using a pixel dwell time of 20𝜇s,
and a power in the 30mW–60mW range, depending on the
depth of recording. FLIM images were acquired using the
same laser power and wavelength, with 128 × 128-pixel spatial
resolution (corresponding to 200𝜇m field of view), a pixel
dwell time of 0.2ms, and an integration time of approximately
40 s per image. Spectral images were acquired in blocks of
16 spectral images (420 nm–620 nm spectral range) with 64
× 64-pixel spatial resolution, 64 𝜇m field of view dimension,
using a pixel dwell time of 0.2ms and an integration time of
approximately 40 s per image block.

2.3. Examined Volunteers. The study on FLIM imaging of the
epidermis (Section 3.1) included 2 healthy Caucasian male
volunteers (31 and 32 years old). The study on fractional
laser resurfacing (Section 3.2) included 9 healthy Caucasian
volunteers (5males, 4 females, age range: 27–79 years). Exam-
ined volunteers were divided into three groups according
to their age: Group I (3 volunteers, age < 35 years), Group
II (3 volunteers, 35 years < age < 60 years), and Group
III (3 volunteers, age > 60 years). The study on psoriasis
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(Section 3.3) included 8 Caucasian volunteers, 5 healthy and
3 affected with psoriasis. All the studies were approved by
the Institutional Review Board of the University of Florence
and conducted according to the tenets of the Declaration of
Helsinki. Written informed consents were obtained from all
participants after detailed explanation of the study.

3. Results

3.1. In Vivo Imaging andCharacterization of Epidermal Layers.
In vivo imaging of the epidermis with subcellular spatial
resolution can be performed by using TPF microscopy.
Images of the various epidermal layers (Figures 2(a)–2(c))
were acquired by using a water immersion objective lens
(NA 1.2) and an excitation wavelength of 740 nm. Signal was
collected in the whole spectral range without any filtering in
order to have a signal-to-noise ratio as high as possible. Cells
are clearly distinguishable from the images and they appear
with a fluorescent cytoplasm and a dark nucleus. Further, an
analysis based onmorphology enables discriminating various
epidermal layers. In particular, our attention was focused
on epidermal layers containing living cells. As expected,
granular layer (Figure 2(a)) showed cells larger in dimension,
with a characteristic content of highly fluorescent granuli,
and emitting a lower average fluorescence with respect to
other epidermal cells. Then, going deeper into skin (spinous
layer), cells appear smaller in size, more round in shape
and they are in average more fluorescent as well as tightly
packed (Figure 2(b)) with respect to the upper layer. This
trend is maintained when imaging deeper in the basal layer
(Figure 2(c)) which contains the smaller epidermal cells
having the largestmetabolic activity.This feature corresponds
to a higher fluorescent signal coming from this layer, as shown
in Figure 2(c). Further, at this depth, images start exhibiting
some extremely bright spots, probably corresponding to
melanin granuli. Even if the probability of generating reactive
oxygen species by prolonged multiphoton excitation inside
skin has already been demonstrated to be not higher than
normal sun exposure [50], at this depth we preferred to limit
the acquisition only to few images because basal layer is the
most absorbing region inside skin. Moreover, in order to
limit the absorption to aminimum dose, images of epidermis
were taken from the inner forearm which is one of the less
pigmented regions of the body.

A layer-by-layer analysis of epidermis using FLIM was
performed in skin of a healthy male volunteer who agreed
to participate in the study. Mean lifetime distributions were
calculated from images acquired at 20𝜇m, 40 𝜇m, and 60 𝜇m
depth from skin surface, approximately corresponding to
granular, spinous, and basal layer, respectively (Figures 3(a)–
3(f)). For these measurements, the excitation wavelength
was set to 740 nm, which is good for exciting NADH aut-
ofluorescence, and the detection was in the 420 nm–620 nm
range. Other tissue intrinsic fluorophores can be excited and
detected in the same range because two-photon absorption
spectra of intrinsic fluorophores are overlapping.The cellular
mean lifetime distribution of the three layers is plotted in
Figure 3 (g). The distributions of spinous and basal layers

are well separated whereas the distribution obtained from
the granular layer can be considered a mix of the previous
two. The mean fluorescence lifetime for all the investigated
layers is in the range of 1 ns, which is in good agreement
with previous measurements performed on keratinocytes
[11, 32, 33]. Even if other similar FLIM measurements on
skin have already been performed in previous studies, they
were more devoted to the differentiation between cells in
healthy and cancer tissue such as healthy skin versus BCC
[32] or melanocytic nevus versus melanoma [33]. Here we
mainly focus on a layer-by-layer differentiation in healthy
skin.Themeasured differentiation among skin layers in terms
of fluorescence lifetime can be related to the differentiation
in terms of proteins and cytokeratins content. In fact, in all
the examined layers, even if the main contribution of tissue
autofluorescence should arise from NADH, FAD, keratin,
melanin, and cholecalciferol, the observed differences could
be due not only to a different relative abundance of the
molecules listed above, but also to the cytokeratin content
in each layer. In particular, granular layer is characterized
by the presence of loricrin and profilaggrin; spinous layer
by cytokeratins 1 and 5; basal layer by cytokeratins 5 and 14.
A spectroscopic and lifetime analysis on all these purified
molecules would not help in clarifying this point because
fluorescence lifetime of the same molecules should differ
when measured in the tissue environment. For lifetime com-
ponents ratio distributions, a different distributionwas found
for the three layers. In particular, as shown in Figure 3(h) the
distribution center moves to higher value when increasing
depth. If we consider that NADH autofluorescence is respon-
sible for the main contribution to endogenous TPF signal,
the ratio can be related with tissue metabolism in terms of
bound-to-free NADH. In fact, fluorescence lifetime is able to
determine if a fluorescent molecule is in its free or protein-
bound state. NADH has a short lifetime in its free state and
a much longer lifetime in its protein-bound state [47, 48].
The fluorescence lifetime of protein-bound NADH depends
on the molecule to which it is bound and the changes in the
binding site of NADH, connected with tumour development,
can be potentially probed by measuring its lifetime. All these
features can be used to optically monitor the metabolic state
of a tissue and to potentially detect cancer in a very early stage
on the basis of the fluorescence lifetime components ratio,
as demonstrated by Skala and coauthors on cultivated living
tissues [49, 51].Whenmoving from skin surface to the inside,
epidermal cells differentiate: deeper located cells are smaller
in dimension, younger in age and they have higher metabolic
activity.The result shown in Figure 3(h) can be interpreted as
a confirmation of this effect, because basal cells were found
having the largest ratio, corresponding to a higher metabolic
activity.Hence, a detailed characterization and differentiation
of various epidermal layers, useful for diagnostics, can be
obtained by analyzing the decay of NADH autofluorescence
using FLIM. In particular, the mean fluorescence lifetime
of NADH and the ratio of fast to slow fluorescence lifetime
components can be taken as indicator of the metabolic state
of cells. Considering that an altered metabolic activity of
cells is very often precursor of a diseased state, these two
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Figure 2: Morphological examination of epidermis. TPF image of NADH autofluorescence acquired from the epidermis of a healthy male
volunteer at 25 𝜇m depth from skin surface (a), 40𝜇m depth from skin surface (b), and 55 𝜇m depth from skin surface (c). The images are
approximately corresponding to granular layer (a), spinous layer (b), and basal layer (c). Laser power,measured after the objective, is indicated
in the down-left corner of each image. Excitation wavelength: 740 nm. Field of view: 200𝜇m. Scale bar: 20 𝜇m.

parameters offer the potential to be used for diagnosing
altered physiological conditions in a very early stage.

3.2. Noninvasive Follow-Up of Collagen Remodeling after Frac-
tional Laser Resurfacing. A microscopic observation of the
effects on collagen caused by microablative laser resurfacing
treatment was performed by using SHG microscopy. SHG
images were acquired in the dermis of volunteers at depths of
80 𝜇m, 130 𝜇m, and 180 𝜇m from skin surface. A qualitative
nonblinded microscopic analysis was performed by visual
examination of SHG images acquired immediately before
and 40 days after treatment (Figure 4). The acquired SHG
images were visually examined for extracting information on
collagen fibres and amorphous component appearance that
are related to skin aging. In particular, as the age increases we
expect an increase in collagen fibres thickness and density, a
decrease of the amorphous component (mainly composed of
hyaluronic acid and glycosaminoglycans) that affects tissue

hydration [52]. Collagen can be directly visualized on SHG
images, whereas the increased scattering that gives to the
images a more “cloudy” appearance can indirectly give an
indication about the amorphous component abundance [38].

For Group I (age < 35 years), in the images acquired
after treatment (Figures 4(d), 4(e), and 4(f)) we did not
observe any significant modification with respect to the
corresponding images acquired before treatment (Figures
4(a), 4(b), and 4(c)). Both the collagen and the amorphous
component show a similar appearance before and after the
treatment. For Group II (35 years < age < 60 years, Figures
4(g)–4(l)), we observed a slight increase of collagen fibres
density after treatment; the amorphous component increases
as demonstrated by a more “cloudy” appearance of the
images. For Group III (age > 60 years, Figures 4(m)–4(r)),
collagen fibres strongly increase in density, the amorphous
component undergoes a drastic improvement, and both the
epidermal thickness and the number of dermal papillae
increase. In this group, all the observed features are in
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Figure 3: Layer-by-layer characterization of epidermis. TPF image of NADH autofluorescence and the corresponding FLIM images
representing mean lifetime map acquired from the epidermis of a healthy male volunteer at 25 𝜇m depth from skin surface ((a), (b)), 40𝜇m
depth from skin surface ((c), (d)), and 55 𝜇mdepth from skin surface ((e), (f)).The images are approximately corresponding to granular layer
((a), (b)), spinous layer ((c), (d)), and basal layer ((e), (f)). Images were acquired in the epidermis of a healthy male volunteer by using an
excitation wavelength of 740 nm. Laser power, measured after the objective, is indicated in the down-left corner of each image. Field of view:
60 𝜇m. Scale bar: 6 𝜇m. Mean cellular lifetime distribution (g) and mean cellular lifetime components ratio (h) of the 3 different epidermal
layers obtained after system response deconvolution and double-exponential fitting.

agreement with a rejuvenating effect. Even if the effectiveness
of the treatment seems to increase with age, as confirmed
by the following quantitative analysis, a better statistics on a
larger number of volunteers would be beneficial to confirm
this tendency.

A quantitative microscopic analysis, aimed at evaluating
treatment effectiveness, was performed using the so-called
second-harmonic to autofluorescence aging index of dermis
(SAAID) [10, 36–38]. The SAAID defines a normalized ratio
between SHG and TPF, so that it can be used for monitoring
skin photoaging based on the ratio between collagen and
elastic fibres. In fact, whereas collagen fibres should decrease
with aging, elastic fibres should increase, causing a decrease

of the SAAID with age. Hence, we expected an increase
of the SAAID after treatment. SAAID images of the three
examined groups are represented in Figure 5(a). SAAID
analysis was performed on all the acquired spectral images,
and the results were averaged and plotted in graphs (Figures
5(b), 5(c), and 5(d)). It has to be noted that before treatment
the average SAAID level of Group III is always lower than
that of the second group, which is in turn lower than
that one of the first group, confirming that this parameter
decreases with increasing age, as observed in other studies
aimed at monitoring skin photoaging [36–38, 53, 54]. When
comparing SAAID levels before and after treatment, the
results show a negligible increase on young volunteers of
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Figure 4: SHG imaging of collagen after laser resurfacing. SHG images of human dermis taken at 80𝜇m, 130 𝜇m, and 180 𝜇m from skin
surface on the inner forearm of healthy volunteers before and 40 days after microablative fractional laser resurfacing treatment. On the top,
representative images of Group I (age < 35 years) taken before ((a), (b), and (c)) and 40 days after ((d), (e), and (f)) the treatment. In the
middle, representative images of Group II (35 years < age < 60 years) taken before ((g), (h), and (i)) and 40 days after ((j), (k), and (l))
treatment. At the bottom, representative images of Group III (age > 60 years) taken before ((m), (n), and (o)) and 40 days after ((p), (q), and
(r)) treatment. Field of view: 400𝜇m. Scale bars: 40 𝜇m. Figure modified from [38].
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Figure 5: SAAID analysis of dermis after laser resurfacing. (a) SAAID images of human dermis at 80𝜇m, 130𝜇m, and 180 𝜇m from skin
surface before and after microablative fractional laser resurfacing treatment. On the left, representative SAAID images of Group I (age < 35
years) taken before (left column) and 40 days after (right column) treatment. In the middle, representative SAAID images of Group II (35
years < age < 60 years) taken before (left column) and 40 days after (right column) treatment. On the right, representative SAAID images
of Group III (age > 60 years) taken before (left column) and 40 days after (right column) treatment. Scale bars: 40 𝜇m. Color-coded scales
for SAAID are plotted beneath each of the three groups of figures. SAAID score versus depth of recording for (b) Group I before (black)
and after (red) treatment; (c) Group II before (black) and after (red) treatment; (d) Group III before (black) and after (red) treatment. Data
are averaged on all the acquired data sets. The error bars correspond to the standard deviation of measured data. The SAAID mean values
before and after treatment were found to be statistically different (indicated with ∗) or not statistically different (no ∗) at the 0.05 level after a
two-sample statistical 𝑡-test (𝑃 = 0.05). Figure derived from [38].

Group I (age < 35 years, Figure 5(b)), a very small increase
on Group II (35 years < age < 60 years, Figure 5(c)), and a
strong increase on Group III (age > 60 years, Figure 5(d)).
Even if the increase is small, in Group II the SAAID exhibits a
statistically significant variation (after a two-sample statistical
𝑡-test at the 0.05 level) when comparing images before and
after treatment. In Group III SAAID is increasing after
treatment, exhibiting statistically significant variations (after

a two-sample statistical 𝑡-test at the 0.05 level). This confirms
the fact that the treatment has stronger effect on more
aged subjects. This result is in agreement with the visual
observation described in the previous section, where the
difference between the youngest and the oldest volunteers in
terms of treatment effectiveness was clearly distinguishable
from the images. In conclusion, SAAID analysis allowed
better delineation of treatment effectiveness versus age.
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Figure 6: TPF imaging of healthy and psoriatic epidermis. Two-photon autofluorescence images of the layers of the epidermis. The images
come from the dorsal forearm of a healthy ((a)–(d)) and a psoriatic ((e)–(h)) skin. Scale bars: 50 𝜇m. Figure modified from [55].

3.3. In Vivo Clinical Investigation of Psoriasis. The micro-
scopic imaging of psoriatic skin was performed on the dorsal
forearm of the volunteers [55]. Imaging of the epidermis and
of the dermis was performed under different conditions, as
reported in theMaterials andMethods section. TPF images of
the epidermis were acquired using the excitation wavelength
of 740 nm, which is adequate for exciting NADH fluores-
cence, and a power in the 10mW–40mW range, depending
on the depth of recording. SHG images of the dermis were
acquired using the excitation wavelength of 900 nm and a
power in the 20mW–60mW range, depending on the depth
of recording.

Two typical image stacks, respectively, from a healthy
and psoriatic epidermis are shown in Figure 6. The images
correspond to the acquisition from a 30-year-old healthy
male (Figures 6(a)–6(d)) and from a 35-year-old female
with psoriasis (Figures 6(e)–6(h)). Imaging starts at a depth
located immediately below skin surface for safety and practi-
cal reasons. In healthy skin, the fluorescence originating from
the corneum layer is very strong (Figure 6(a)) and it appears
to be uniform without a characteristic morphology. On the
other hand, in psoriatic skin the fluorescence level is lower
and a characteristic punctuated pattern appears (Figure 6(e)).
Thephysiological origin of this signal is still under evaluation.
This atypical morphology of corneum layer is probably
because psoriatic keratinocytes are not completely differen-
tiated. This morphology was confirmed by the acquisitions
in the other cases of psoriasis but it was never observed in
healthy skin. Hence, it could be considered as a characteristic
feature of psoriasis. At the depth of stratum granulosum,
typical big cells with the characteristic granular morphology

in the cytoplasm are found in healthy epidermis (Figure 6(b)),
whereas this layer is very thin and in some cases is even
absent in psoriatic skin. Here, psoriatic cells (Figure 6(f))
have a very small cytoplasmic area. Moving down to the
stratum spinosum, in healthy skin cells are densely packed
and have the characteristic spiny morphology (Figure 6(c)).
This is a relatively extended layer with cellular morphology
and size similar to those of the stratum granulosum, with
the only difference of a more uniform fluorescence. On
the other hand, at this depth psoriatic cells (Figure 6(g))
appear with a very small cytoplasmic area and bigger nuclei
compared to healthy cells.The packing is very sparse with big
distances between adjacent cells. In the healthy stratumbasale
(Figure 6(d)) cells have even smaller size, they are densely
packed, and they emit a strong fluorescence. In psoriatic skin
(Figure 6(h)), this layer is not clearly distinguishable in a
single optical section due to its typical wavy morphology and
deep epidermal proliferation. Nevertheless, it is possible to
identify basal cells by looking around the formation of the
dermal papillae. Here cells show a very small cytoplasmic
area and their packing is even denser compared to stratum
spinosum. Another characteristic feature of psoriatic skin at
this depth is the presence of dermal papillae that infiltrate
deep inside the epidermis (Figures 6(g)-6(h)). On the other
hand, in healthy skin a papilla infiltrating inside the epidermis
can be observed only occasionally and it never protrudes so
near to the surface.

Imaging of the papillary dermis was performed using
SHG microscopy in both healthy and psoriatic skin. Three
images from a typical image stack acquired from the dorsal
forearm of a healthy 30-year-old male are presented in
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Figure 7: SHG imaging of healthy and psoriatic dermis. ((a)–(c)) SHG images from healthy papillary dermis. ((d)–(f)) SHG images from
psoriatic papillary dermis. Scale bars: 50 𝜇m. ((g)-(h)) 3D reconstruction of the dermal layer of healthy (g) and psoriatic (h) skin lesion. The
volumes are rotated 30∘ in the 𝑦-𝑧 plane. (g) The papillae in healthy skin are short, typically 30 𝜇m, and with small diameter, around 29𝜇m.
(h) Psoriatic papillae dimensions are bigger with typical lengths more than 100 𝜇m and a diameter of around 65 𝜇m. (Scale bars: 50 𝜇m.)
Figure modified from [55].

Figures 7(a)–7(c). Imaging starts at a depth of about 85𝜇m
from the surface and it goes deeper. In the first dermal layers,
collagen fibres have a small diameter (around or less than
1 𝜇m), a curly appearance and they form a very complex
and dense network. At this depth, dermal papillae dominate
the images and their density is high. Dark regions around
papillae are occupied by epidermal cells proliferating inside
dermis. At a depth of 150 𝜇m from skin surface most of the
dermal papillae disappear in the dense collagen network.
When moving deeper, collagen fibres gradually increase in
size and the collagen network appears with a better contrast.
The network is less complex and the direction of the fibres
is more ordered. At the depth of 180 𝜇m the quality of the
image starts to degrade due to scattering. Three images from
a typical image stack acquired from the dorsal forearm of a
psoriatic 35-year-old female are presented in Figures 7(d)–
7(f). Similarly to healthy skin, imaging starts at a depth of
about 85𝜇mfrom the surface and it goes deeper. By observing
the formation of papillae in the first dermal layers, we noted
that the density of papillae is higher compared to healthy skin.
The presence of papillae is still evident also when moving
deeper into the tissue, where the space around them starts to
be filled with collagen. At a depth of 170𝜇m from the skin

surface, dermis starts having a similar morphology with
respect to healthy skin. However, the fine collagen network of
interwoven curly fibres below the dermoepidermal junction
that is seen in healthy skin is not visible in psoriasis.

From the acquired images, it looks like the formation of
papillae in psoriasis starts at depths around 170𝜇m below the
skin surface, whereas in healthy skin the formation starts at a
depth of around 115 𝜇m.The characteristic feature of psoriatic
skin (Figures 7(d)–7(f)) is the elongated dermal papillae.
This feature becomes better visible in the 3D reconstruction
of this part of the skin. Volume stacks with 5 𝜇m step are
recorded and used to produce the 3D reconstruction. The
result is presented in Figures 7(g) and 7(h) where the 3D
reconstruction of the papillae is shown for both healthy and
psoriatic skin. Examination of the 3D reconstruction revealed
that papillae in psoriasis have a length of around 100 𝜇m,
which is much longer than the length of papillae in healthy
skin, which is around 30 𝜇m. In addition, in psoriasis dermal
papillae are larger in diameter compared to healthy skin.
A quantitative evaluation of this feature was obtained by
measuring the cross-sectional surface occupied by dermal
papillae at around 10 𝜇m below their tip in both healthy and
psoriatic skin. Considering the fact that the shape of the
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cross-section of a papilla is closer to an ellipse than to a
circle, we characterized the papilla size based on their surface
rather than on their diameter. Then, a typical diameter was
extrapolated by considering the size of the diameter of a
circle that would occupy the same surface of the measured
ellipse. This calculation provided the following results: a
papilla in healthy skin had a mean surface of 650 ± 50 𝜇m2,
approximately corresponding to a diameter of 29 ± 9 𝜇m; a
papilla in psoriasis had a mean surface of 3300 ± 400 𝜇m2,
approximately corresponding to a diameter of 64 ± 22 𝜇m. In
conclusion, the length of the dermal papillae is at least 3 times
longer in psoriasis and almost doubled in diameter compared
to healthy skin.

4. Discussion

In this review, we highlighted the capability of nonlinear
microscopy for clinical dermatological imaging of both
epidermis and dermis in vivo. In particular, both cellular
epidermis and dermal collagen morphology can be nonin-
vasively imaged and characterized by means of TPF and
SHG microscopy, respectively. These two techniques are
able to noninvasively provide high-resolution images of skin
morphology that can be used for diagnostic purposes.

Although skin morphology can be noninvasively imaged
with high resolution by other laser scanning imaging tech-
niques, such as confocal reflectance microscopy [56–68], the
nonlinear approach offers several advantages with respect to
the confocal reflectance. First, the nonlinear dependence of
the signal on the excitation light intensity allows selectively
exciting only molecules located in an extremely confined
volume around the focal point. The direct consequence is an
intrinsically high spatial resolution in comparison with other
conventional microscopy techniques that employ similar
excitation wavelengths. Second, a confocal pinhole rejecting
out-of-focus light is not required in nonlinear microscopy,
allowing for a 3D scanning of the specimen using a reduced
exposure with respect to confocal microscopy. Third, every
biological tissue intrinsically contains a certain amount of
fluorescent molecules and SHG emitters that can be excited
using nonlinear microscopy. This allows not only imaging
the morphology of a biological tissue without adding any
probe, but also extracting functional information. Finally,
the use of particular contrast methods based on nonlinear
excitation, such as SHG and FLIM, allows a more specific
identification of molecular species in skin, such as collagen
in dermis and other nucleotides in epidermis. The selective
imaging and spectroscopy of these molecules can provide
information about the physiologic condition of the tissue
and hence they can be used for both diagnostic and therapy
follow-up purposes.

As demonstrated in this review, additional characteriza-
tion and differentiation of various epidermal layers, useful
for diagnostics, can be obtained by analyzing the decay of
NADH autofluorescence using FLIM. In particular, the mean
fluorescence lifetime of NADH and the ratio of fast to slow
fluorescence lifetime components can be taken as indicator
of the metabolic state of cells. Considering that an altered

metabolic activity of cells is very often precursor of a diseased
state, these two parameters offer the potential to be used for
diagnosing altered physiological conditions in a very early
stage.

The potential clinical dermatological applications of non-
linear microscopy are not limited to skin diagnostics, but
they extend also to treatment follow-up. In this review,
we demonstrated the capability of nonlinear microscopy
for imaging dermis in vivo after microablative fractional
laser resurfacing treatment. In particular, for the first time
nonlinear microscopy was used in vivo with the final goal
of monitoring a laser-based treatment [38]. The obtained
results have shown that nonlinear microscopy is able non-
invasively providing a quantitative measurement of the effi-
cacy of the resurfacing treatment. The production of new
collagen, as well as an increase in the amount of dermal
amorphous component, was found within 40 days from the
laser treatment. The effects caused by the treatment can
be evaluated qualitatively by visual examination of SHG
images of collagen, and quantitatively by measuring the
relative amount of SHG and TPF signals, through the SAAID
index. The SAAID analysis demonstrated a strong treatment
effectiveness in older subjects, whereas the effect was found to
be negligible in young and minimal in middle-age subjects.

These nonlinear imaging techniques were additionally
used for in vivo revealing the characteristicmicromorphology
of psoriasis at both epidermal and dermal levels. In the
epidermis, psoriatic cells have very small cytoplasmic area
and they are sparsely packed compared to healthy cells.
Further, the more pronounced epidermal proliferation and
the dilated papillae of the dermis, typical of psoriasis, were
imaged at high resolution. A 3D reconstruction of dermal
papillae revealed the great difference of psoriatic skin mor-
phology, where dilated and elongated dermal papillae can
be observed. A quantitative measurement demonstrated that
the length of dermal papillae is 60% longer in psoriasis and
almost doubled in size compared to healthy skin. Imaging
and characterization of psoriasis with such a detail is not
required for diagnostics. However, during the past years there
has been a great effort in the research for the treatment of
this disease [69–71]. These therapies have risks that could be
reduced if the effect of a treatment can be timely assessed.
Currently the severity of psoriasis and the effect of a treatment
are evaluated by the Psoriasis Area and Severity Index (PASI)
[72]. A potential quantitativemonitoring of a treatment effect
on psoriasis could be based on the measurement of the
nucleus to cytoplasm ratio in epidermis and on papillae
size in dermis. Correlation of the measured values with
the well-established PASI during the course of a treatment
could provide a means of comparison and evaluation of the
proposedmethodologies. Apart frommonitoring the effect of
an experimental treatment, the presented imaging techniques
could be used for the personalization of existing treatments.

5. Conclusion

In conclusion, the methodologies described here could
become a powerful tool to be used in a dermatological clinic
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for both early diagnosis and therapy follow-up purposes.
New emerging technologies for ultrafast pulsed laser sources,
potentially cheaper than the usual solid state Ti:Sapphire
oscillator, can help nonlinear laser scanning microscopy to
become more and more popular among medical doctors
with the final goal of being recognized as a standard clinical
imaging method. On the basis of the results described here
and of several other successful dermatological applications
experienced in vivo by means of nonlinear microscopy in
recent years [16–18, 37, 38, 45, 53, 54], we believe that in the
near future nonlinear laser scanning microscopy will find a
stable place in the clinical dermatological setting.
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Port wine stains (PWS) are a congenital malformation and dilation of the superficial dermal capillary. Photodynamic therapy (PDT)
with lasers is an effective treatment of PWS with good results. However, because the laser density is uneven and nonuniform, the
treatment is carried out manually by a doctor thus providing little accuracy. Additionally, since the treatment of a single lesion can
take between 30 and 60 minutes, the doctor can become fatigued after only a few applications. To assist the medical staff with this
treatment method, a medical manipulator system (MMS) was built to operate the lasers. The manipulator holds the laser fiber and,
using a combination of active and passive joints, the fiber can be operated automatically. In addition to the control input from the
doctor over a human-computer interface, information from a binocular vision system is used to guide and supervise the operation.
Clinical results are compared in nonparametric values between treatments with and without the use of the MMS.TheMMS, which
can significantly reduce the workload of doctors and improve the uniformity of laser irradiation, was safely and helpfully applied
in PDT treatment of PWS with good therapeutic results.

1. Introduction

Port wine stains (PWS), also known as birthmarks, are a
congenital expansion and malformation of the superficial
dermal capillary network [1]. The morbidity rate is as high
as 3–5‰ [2]. Most of PWS appear in the skin of the head,
face, and neck; some appear on the legs and arms (Figure 1).
PWS not only affects patients on functional aspects, but also
influences patients’ psychological health [3–5].

According to the histopathological changes of PWS, the
main difficulty of the treatment is that the expanded and
deformed capillary network in the superficial dermis should
be dispelled to eliminate abnormal red lesion, while the
epidermis and deep tissue should not be damaged to avoid
scaring [2]. Conventional treatments, including skin grafting,
irradiation, and chemical peels, are not ideal with respect to
scaring and pigmentation.

Photodynamic therapy (PDT), which was started as a
novel antitumor therapy in the early 1980s, is a type of laser-
based treatment for PWS. In 1990, Professor Ying Gu began
to study the PDT treatment of PWS and established a new
PDT program for PWS.The effective rate can reach up to 98%
[2, 4, 6, 7]. In the PDT treatment of PWS, a “photosensitizer”
drug (such as hematoporphyrin monomethyl ether), which
is highly concentrated inside PWS vessels and diffuses little
to normal tissue, is injected intravenously. Then the PWS
lesion is irradiated by laser. The photosensitizer is excited by
the laser, producing singlet oxygen and other toxic chemical
substances which will destroy the malformed vascular. The
toxic chemical species are only generated in malformed
vascular and have only little damage to normal skin [8].

In the PDT treatment of PWS, the correct laser power
density and a uniform laser irradiation on the PWS lesion
are very important to get good therapeutic effectiveness.
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Figure 1: PWS symptom. (a) PWS in face. (b) PWS in neck. (c) PWS in arm and hand. (d) PWS in leg.

Unfortunately, the power density of a laser spot is a Gauss
distribution (Figure 2), which is uneven. For a given lesion,
the laser irradiation of the central area is too high, whichmay
cause skin burns, while the laser power density of other areas
is too low, which may affect the therapeutic effectiveness.
So, a uniform laser radiation, which means every section of
the PWS lesion receives the same quantity of laser radiation
during the PDT process which is used. A uniform radiation
can be obtained by operating the laser fiber in such a way
that the centre of the laser spot is kept in motion over the
lesion. The operating doctor has to move the laser fiber to
produce an even irradiation on the lesion and avoid skin burn
(Figure 3).

The process of treating a single lesion takes about 30 to 60
minutes. This long duration manual operation is a high work
load to doctors with low efficiency and accuracy.Therefore, a
medical manipulator system (MMS) was developed to assist
doctors in clinical treatment. Until now, 296 PWS cases have
been treated using the MMS; the therapeutic results are
comparable to the results of the traditional treatment. Clinical
trials show that the MMS is effective and useful in PDT
treatment of PWS.

2. Materials and Methods

2.1. Medical Manipulator System. The MMS consists of four
main components, as shown in Figure 4:

(1) a PC-based workstation providing overall control
using a human-computer interface, an image process-
ing module, and an expert database subsystem;

(2) a PDT device, which produces a laser beam and
controls the treatment parameters, such as the laser
power density and the irradiation time;

(3) a medical manipulator to operate the laser fiber
automatically;

(4) a binocular vision system used as guidance and
surveillance of the MMS.

2.2. Medical Manipulator. Manipulators in medical applica-
tion should be safe and convenient for doctors to use [9].
Based on the analysis of treatment requirements and the
application environment in Chinese PLA General Hospital
(known as Beijing 301 Hospital), a novel 7-DOF medical
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Figure 2: The uneven power density distribution of laser spot. (a) Laser beam image. (b) Gray handled image with MATLAB.

Figure 3: The manual operation of laser fiber by doctor.

Medical 
manipulator

Binocular 
vision

PDT device

Workstation

Laser spot

Laser fiber

Figure 4: The medical manipulator system.

manipulator with passive and active joints is developed
(Figure 5). The medical manipulator consists of a passive
arm and an active wrist. There are 5 passive joints in the
arm corresponding to 5 degrees of freedom (DOF) and 2
active joints in the wrist corresponding to 2DOF. The DOF
arrangement of themedicalmanipulator is shown in Figure 6.

Passive arm

Power switch

Active wrist

Binocular 
vision

Laser fiber 
holder

Figure 5: The mechanism of medical manipulator.

Passive joints: 1–5
Active joints: 6-7

Joint 1
Joint 2

Joint 3
Joint 4

Joint 5 Joint 6
Joint 7

Figure 6: The seven-DOF arrangement of medical manipulator.

2.3. Passive Arm. The 5-DOF passive arm can be adjusted
manually. Once adjusted, it will hold the active wrist station-
ary. The arm consists of one translational DOF (Joint 2) and
four rotational DOF (Figure 6). In each rotational DOF, there
is an electromagnetic brake. If the power switch is pressed, all
the electromagnetic brakes lose power, and the passive joints
can simultaneously be freely and quickly adjusted. Once the
power switch is released, the joints will be locked firmly into
place again by the electromagnetic brakes (Figure 7).

The passive arm was tested by several doctors in the
Department of Laser Medicine of the PLA General Hospital.
According to the results, the passive arm is easy to oper-
ate, is stable to hold, and self-locks firmly; fulfilling these



4 BioMed Research International

Press the power switch

Figure 7: The operation of passive arm.

requirements shows that it meets all the clinical treatment
requirements.

2.4. Active Wrist. Each of the DOF in the active wrist is
controlled byDC servomotors.There are two rotationalDOF,
and the laser fiber is held by wrist joint 7 (Figure 6).

In order to simplify the movement of medical manip-
ulator, the PWS lesion is approximated to lie on a plane.
By adjusting the passive arm manually, the active wrist
is positioned above the PWS lesion with the guidance of
binocular vision. Figure 8 shows the kinematics model of the
medical manipulator.

By analysing the doctors’ movement of the laser fiber
during a traditional treatment, the trajectory of the laser
spot’s centre can be simplified and decomposed into two
movements. The first is a circular movement along the
circumferential direction of the lesion.Theother is a swinging
movement along the radial direction of the lesion. Using this
analysis, three treatmentmodeswere designed to simulate the
doctors’ manual operation (Figure 9).

(1) Treatment mode 1: the centre of laser spot scans
the lesion’s perimeter. After a complete revolution,
the perimeter is decreased by a specified scale and
another revolution is made.

(2) Treatment mode 2: while the laser scans the lesion
border, the “swing joint” of the active wrist swings
along the radial direction of the lesion.

(3) Treatment mode 3: a circle, which includes the lesion
zone, is used to approximate the lesion border. The
laser moves identically to treatment mode 2.

2.5. Safety System. The safety system (Figure 10) was devel-
oped to avoid risks to patients under any circumstances.
Besides the supervision of doctors and the use of the binoc-
ular vision system, several safety precautions were proposed
including software, electrical design, and mechanical means
[10–12].

(1) After the passive arm is operated, if the minimum
distance between the active wrist and the PWS lesion
is 40mm or less, the MMS is locked by the hardware
and the software.

PWS lesion area

Laser spot

Laser fiber

Swing joint 7

Revolute
joint 6

Binocular vision

Initial position

The end of 
passive arm

p1
p2

p3

pi

Figure 8: The kinematics model of medical manipulator.

(2) In the software program a speed limit, a position
limit, and awatch dog timer are applied. Furthermore,
the response time limit is set in the communication
handshaking procedure between the DSP controller
and the PC user software. If both of them have not
received a response signal from the other within the
set time (50ms for the MMS) due to a freeze-up,
runaway, or other errors, the power will be shut off.

(3) Fuses are implemented to limit the current supplied
to each servo motor.

(4) A hall position switch is attached at each active wrist
joint to limit the position.

(5) The binocular vision system positions the PWS lesion
and supervises the patient. If the patient moves
tempestuously, an alarm is given.

(6) By pressing the emergency stop button, doctor can
stop the MMS at any time in case of an emergency.

(7) Each servo motor is equipped with a brake so that the
active joints will be locked if power is lost.

2.6. Clinical Treatment of PDT for PWS with MMS

2.6.1. Data Collection. The MMS was applied in a clinical
PDT treatment of PWS in the Chinese PLA General Hospital
in 2010. A total of 296 PWS lesions were treated in patients
with various ages, PWS lesion sites, and disease extents. The
patients were 74 male (39.8%) and 112 were female (60.2%).
The patient’s ages ranged from 3 to 42 years. Some of the
patients had multiple lesions (diameter > 8 cm or in more
than one anatomic planes), and some of them had single
lesion (diameter < 8 cm and in one anatomic plane) [5, 8].
None of the patients had received previous treatment with a
complete medical record.

So far, there are no standard classification criteria
for PWS. In this paper, the classification criteria which
wereadopted in [3, 5, 13–15] were used to classify PWS lesions
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Figure 9: Treatment modes of medical manipulator assisted PDT for PWS.
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Figure 10: The safety precautions of MMS.

into five types: Type I: pink, flat; Type II: light red, flat; Type
III: dark red, flat; Type IV: purple, slightly thicker, andTypeV:
significantly thicker or nodular [5]. PWS lesion distribution is
shown in Table 1.There are 29 (9.8%), 46 (15.6%), 117 (39.5%),
77 (26.0%), and 27 (9.1%) lesions, respectively, for each type.

2.6.2. Treatment Protocols of MMS Assisted PDT Treatment of
PWS. In the treatment, a PDT device (produced by Beijing
Newraysing Laser Tech Co. Ltd.; power output of 5W) was
used to provide a continuous KTP laser with a wavelength of
532 nm. The laser was delivered through an optic fiber with
a flat cut tip, which was held by the active wrist. The laser
beam showed quasi-Gaussian output; the power density was
80–100mW/cm2.

As shown in Figure 11, after a routine allergy test, the
doctor selected the lesion of the patient and protected normal
skin around lesion by applying black cloth. The patient
was then injected intravenously with a photosensitizer, after
which the laser irradiation was performed immediately. The
doctor operated the passive arm, so that the laser fiber was
positioned perpendicular to the surface of the PWS lesion.

The binocular vision system measured the position of the
lesion and then transferred the information to workstation.
The PDT device delivered the laser spot which was auto-
matically guided by the active wrist to generate a uniform
irradiation over the entire lesion. With the assistance of
the MMS, the doctor had more time and energy during
the treatment to diagnose the lesion response and carry
out treatment accordingly. The laser irradiation lasted 20–50
minutes with a total energy density of 120–300 J/cm2.

The doctors can select different treatment modes in the
human-computer interface. Simultaneously, the binocular
vision system monitors the whole operation and the safety
system of MMS guarantees patient safety during the treat-
ment.

3. Results and Discussion

3.1. Criterions of Therapeutical Evaluation and Follow-Up.
Until now, there are no standard evaluation criteria to assess
the therapeutical effectiveness of the PDT treatment of PWS.
In this paper, the criteria, which is introduced in [3, 5, 13–
15] and is widely used by other physicians for PWS PDT
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Table 1: Clinical characteristic.

Number of
Patients

Number of
Lesions

Gender Age Lesion type
Male Female I II III IV V

186 296 74
(39.8%)

112
(60.2%) 3–42 29

(9.8%)
46

(15.6%)
117

(39.5%)
77

(26.0%)
27

(9.1%)

Table 2: The statistical results of traditional and MMS assisted PDT treatment of PWS.

Grades Traditional PDT treatment of PWS MMS assisted PDT treatment of PWS
Number of lesions Percentage (%) Number of lesions Percentage (%)

I 128 6.6 15 5.1
II 746 38.3 124 41.9
III 923 47.4 145 49.0
IV 145 7.4 11 3.7
V 7 0.3 1 0.3
Total of lesions 1949 296

evaluation, is adopted to assess the clinical outcomes of the
MMS assisted PDT treatment of PWS.Therapeutic responses
are recorded and defined in five grades: Grade I excellent:
colour is close to normal skin colour and no scar formation;
Grade II good: marked blanching, thicker lesion become
flat, no scar formation; Grade III fair: partial blanching,
thicker lesion becomes moderately flat; Grade IV poor: slight
blanching, thicker lesion becomes slightly flat; and Grade V:
no change.

The follow-up time ranged from 6 months to 3 years.
The lesions were examined visually by experts of the Chi-
nese PLA General Hospital. Photographs of pretreatment
and posttreatment conditions were taken and evaluated. By
comparing the lesion color after treatment to the lesion
color before treatment, the grade of therapeutic responses
was determined and recorded by the same doctor, who is
unfamiliar with the patient group. Other responses, such as
side-effects and scar formations, were also recorded.

3.2. Treatment Outcomes. Each of the patients showed dif-
ferent degrees of edema after treatment, but no scaring or
pigmentation was observed. All of the PWS lesions showed
different degrees of improvement. The clinical outcomes
displayed good therapeutic results. Parts of the patients’
representative photographs of before and after the PDT
treatment using the MMS can be seen in Figure 12.

3.3. Statistical Analysis. The mechanism of PDT treatment
involves the complex interactions of various factors includ-
ing light, photosensitizer, oxygen, and diseased tissue. The
qualitative research of a single factor cannot reveal the overall
therapeutic effect of the PDT treatment of PWS [16]. The
statistical comparison of nonparametric values was used to
evaluate the treatment response between the MMS assisted
and the traditional PDT treatment of PWS [5, 13].

As mentioned above, the therapeutic outcomes were
graded as excellent, good, fair, poor, or no change. As shown
in Table 2, there were 15 lesions (5.1%) which achieved excel-
lent response, 124 lesions (41.9%) which showed good results,

fair response appeared in 145 lesions (49.0%), in 11 lesions
(3.7%) poor results were observed, and 1 lesion (0.3%) showed
no change. In [3], theChinese PLAGeneralHospital reported
1949 PWS lesions in 1385 patients treated by PDT. Excellent
results were achieved in 128 lesions (6.6%), 746 lesions
(38.3%) yielded good results, 923 lesions (47.4%) showed
moderate results, 145 lesions (7.4%) showed poor results, and
in 7 lesions (0.3%) no visible change was observed.

As shown in Figure 13, the percentage of Grade I and
Grade IV outcomes in the MMS assisted treatment are
lower than those in traditional treatment. Accordingly, the
percentage rate of Grade II and Grade III are higher in the
MMS assisted treatment, and the percentage rates of Grade V
are the same.

Given the statistical analysis, although there was no
significant improvement of the MMS assisted treatment
method compared to the traditional treatment method, the
therapeutic effectiveness of the MMS assisted treatment was
almost as good as the results of traditional treatment. In par-
ticular, there were more lesions which achieved good and fair
responses in the MMS assisted treatment. Considering that
the traditional treatment group was achieved by experts with
more than 10 years of experience in PWS-PDT treatment,
the therapeutic effectiveness achieved by the MMS was also
an acceptable positive result with the significant advantage
of reducing doctors’ work load, improving laser irradiation
uniformity, and the possibility of tirelessly continuous long-
time work. Therefore, the MMS is useful in assisting doctors
for PDT treatment of PWS.

3.4. Discussion. Factors, such as depth and size of the lesion,
type and dose of the photosensitizer, laser wavelength, inter-
val time between drug injection and laser irradiation, and
laser irradiation dose can make different degrees of influence
on the results of PWS-PDT treatment. The following factors
correlated with the clinical effect are summarized [5].

(1) Depth and size of PWS lesion: a good response can be
obtained when the lesion depth is less than 830 𝜇m
and poor or no response is achieved at 1000 𝜇m or
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(c) (d)

(e) (f)

Figure 11:The clinical treatment withMMS. (a) Lesion selection and patient protection. (b) Passive arm operation. (c)The human-computer
interface. (d) Active wrist operating the laser fiber. (e) Lesion response diagnosis. (f) Another case of MMS assisted PDT treatment of PWS.

deeper. Larger lesions, particularly those extended to
the lip, showed poor response.

(2) Anatomical location of PWS lesion: generally, lesions
in the forehead, lateral aspect of the cheek, neck, chest,
and shoulder often showed good responses.

(3) Type and dose of photosensitizer: as discussed by
Gu et al. [15], different photosensitizers have different
characteristics depending on the PWS lesion. The
photodynamic effect can be enhanced if a higher drug

dose is used, but there is a possibility of poisoning the
patient.

(4) Energy and fluence rate of the laser: for children and
lightly colored superficial lesions, a lower fluence rate
should be used in order to avoid scar formation. For
thick, dark, and deep lesions, higher fluence rates
should be used in order to reach the deeper lesion.

(5) Uniformity of laser irradiation: in order to avoid
overexposing and to prevent overheating and scaring,
it is critical to insure an even light distribution.
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(a) (b)

Figure 12: The clinical outcome of MMS assisted PDT treatment for PWS. (a) Before treatment. (b) After treatment.
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Figure 13: The statistical comparison of traditional and MMS
assisted PDT treatment of PWS.

(6) Experience of doctors: during the course of treatment,
the irradiation time and dose of the laser can be
adjusted according to the lesion’s reaction and the
tissue temperature. The sensitivity to the PDT treat-
ment is quite different for various PWS patients. The
treatment experience of doctors is very important
to make correct judgments, especially for the first
treatment.

(7) Posttreatment care: patients should avoid strong light
for half to one month after the therapy. Edema and
scabs should be carefully taken care of. The result of
the posttreatment phase also affects the therapeutical
effectiveness of the PWS-PDT treatment.

The complex influencing factors of the PWS-PDT treat-
ment might explain why there are some poor and no change
responses, and why the percentage of Grade I results is lower
than in the traditional treatment. Although the MMS can
only optimize some of the listed factors, considering the
advantages (discussed following) of the MMS and the ther-
apeutical evaluation (discussed above), the MMS is feasible
and useful in assisting doctors giving PDT treatment for
PWS.

The advantages and limitations of MMS are summarized
below.

Advantages

(1) Improving the uniformity of laser irradiation: the
MMS has the same advantages as a medical robot:
high positioning accuracy, firm grip, and smooth
movement. In the MMS, a binocular vision system
can position the PWS lesion precisely; the medical
manipulator can firmly hold the laser fiber and
operate it smoothly andwith high accuracy.TheMMS
improves the uniformity of laser irradiation which
ensures that every section of the PWS lesion receives
the same quantity of laser radiation during the PDT
process. Additionally, the system avoids overexposing
or overheating the lesion.

(2) Lightening doctors’ workload: the laser fiber is auto-
matically operated by an active wrist in the MMS,
which lightens the doctors’ workload. This makes

it possible for the doctor to devote more energy to
diagnose the lesion’s response and pay more attention
on the patient’s comfort during the PDT treatment,
which is clinically favorable.

(3) Treatingmore patients: theMMS can operate the laser
fiber continuously without rest, so that doctors have
the opportunity to take care of a larger amount of
patients.

(4) Reducing influence of personal factors: in a conven-
tional manually operated treatment, laser irradiation
of a PWS lesion is arbitrary and nonuniform. In the
MMS assisted treatment, the movement of the laser
fiber can be quantified, which reduces the impact of
human factors and is good for therapeutical evalua-
tion.

Limitations

(1) Amajor problem is that if the patient suddenly moves
too much, the binocular vision system will lose the
position of the PWS lesion.The positioning algorithm
is not stable enough under the condition of high-
intensity laser irradiation.

(2) The workspace of the active wrist is limited. Some-
times, during a clinical treatment, the laser fiber
interfered with the active wrist during the swinging
movement, especially when the PWS lesion had a
large surface area.

(3) The active wrist does not have enough DOF. It is
not possible for a patient to lie on a bed motionless
throughout the treatment. Due to pain or an uncom-
fortable posture, the PWS lesion was turned a certain
angle by the movement of patient. Two DOF are not
enough to follow the lesion movement automatically.

(4) During the clinic treatment, doctors needed more
time to prepare the MMS. The human-computer
interface was not convenient enough for doctors
to use. The process of operating the MMS is still
complex; the initial position of laser spot needed to
be manually adjusted by doctors using the computer
interface.

4. Conclusions

In this paper, a medical manipulator system is put forward to
assist doctors for the PDT treatment of PWS.The uniformity
of laser irradiation can be improved by precise and stable
movement of a medical manipulator. The doctors’ workload
can be lightened by operating the laser fiber with the MMS
instead of moving it manually. More patients can be treated
by the continuous and tireless work of the MMS. Clinical
results show that theMMS is useful in PDT treatment of PWS;
it can improve the therapeutical effectiveness and doctor
satisfaction. The MMS appears to have a promising future,
and it hopefully will become an objective and reliable PWS
therapy machine in the future.
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Tattoo is going to be a very common practice especially among young people and we are witnessing a gradual increase of numerous
potential complications to tattoo placement which are often seen by physicians, but generally unknown to the public. The most
common skin reactions to tattoo include a transient acute inflammatory reaction due to trauma of the skin with needles and
medical complications such as superficial anddeep local infections, systemic infections, allergic contact dermatitis, photodermatitis,
granulomatous and lichenoid reactions, and skin diseases localized on tattooed area (eczema, psoriasis, lichen, andmorphea). Next
to these inflammatory skin reactions we have to consider also the possibility of the development of cutaneous conditions such as
pseudolymphomatous reactions and pseudoepitheliomatous hyperplasia.The aim of this study is to underline the importance of an
early diagnosis by performing a histological examination especially when we are in front of suspected papulonodular lesions arising
from a tattoo, followed by a proper treatment, since cutaneous neoplastic evolution is known to be a rare but possible complication.

1. Introduction

The number of tattooed people has become more prevalent
in the last few years for the continuous development of new
trends especially among young people. Despite the increasing
number of tattooed individuals, there are currently few
requirements, little legislation, and few criteria for the safety
of tattoos. In Italy, composition of tattoo inks is not regulated
by law and their labeling is not compulsory [1]. Frequently,
there is no information on packaging, such as expiration date,
conditions of use, warnings, or the guarantee of sterility of
the contents [2]. Consequently, we are witnessing a grad-
ual increase of numerous potential complications to tattoo
placement which are often seen by physicians, but generally
unknown to the public [3].

The most common skin reactions to tattoo reported in
the literature [4–7] include a transient acute inflammatory
reaction due to trauma of the skin with needles and medical
complications such as superficial and deep local infections,

systemic infections, allergic contact dermatitis, photoder-
matitis, granulomatous and lichenoid reactions, and skin
diseases localized on tattooed area (eczema, psoriasis, lichen,
and morphea) (Table 1). These reactions may have different
onset of symptoms immediately when the tattoo has been
inked into it, days, months, or years later [8–10]. Next to
these inflammatory skin reactions we have to consider also
the possibility of the development of cutaneous conditions
such as pseudolymphomatous reactions [11] and pseudoep-
itheliomatous hyperplasia [12]. The evolution in neoplastic
lymphoma [13, 14], squamous cell carcinoma, and Kera-
toacanthoma [15] is a rare outcome, since this neoplastic
condition usually appears when they are fully evolved and not
with “premalignant” condition. Despite that, it is mandatory
to perform histological examination when we are in front of
suspected papulonodular lesions arising from a tattoo.

The aim of this study is to underline the importance of
an early diagnosis and proper treatment of tattoo reactions,
since cutaneous neoplastic evolution is known to be a rare
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Table 1: Dermatologic disorders and complications after tattooing.

Complications
after tattooing Clinical features Onset of symptoms

Allergic
disorders

Allergic dermatitis Days to weeks
Photoallergic reaction After sun exposure

Skin infections

Erysipelas First few days
Gangrene =
Sepsis =
Impetigo =
Ecthyma =
Cellulitis =
Tetanus Weeks to years
Lepra =
Syphilis =

Viral infections

Molluscum
contagiosum Weeks to months

Verruca vulgaris =
Hepatitis B, C =
AIDS =

Mycoses Tinea cutis glabrae After weeks
Zygomycoses After months

Tumors

Lymphoma Years
Carcinoma basocellular =
Carcinoma
spinocellular =

keratoacanthoma =
Melanoma =

Skin disease
localized in
tattooed area

Psoriasis Weeks to years
Lichen planus =
Morphea =
Pseudolymphoma =
Pseudoepitheliomatous
hyperplasia =

but possible complication, even if this process was not found
in our experience.

2. Methods

During the period from May 2012 to April 2013, a total of
16 patients (6 women, 10 men) were treated at the Depart-
ment of Dermatology in Florence for the development of
cutaneous reactions secondary to tattoos. All these patients
underwent allergological examination bymeans of patch tests
according to the standard SIDAPA series (Italian Society of
Allergological, Occupational and Environmental Dermatol-
ogy) (Table 2(a)) and the International Contact Dermatitis
Research Group guidelines, using the IQ chamber method
(Chemotechnique Diagnostics, Vellinge, Sweden). Standard
allergological examination was supplemented with various
metal haptens associated with different tattoo pigments
(Table 2(b)). Five patients were tested directly with the
pigment used for the tattoo, while it was impossible for
the others. A punch biopsy of the skin was performed in
all patients for histopathological examination. Cutaneous

Table 2: (a) The 25 haptens of the Italian SIDAPA series with their
own concentrations and (b) the other sevenmetal haptens with their
concentrations and different dyes in which they are contained.

(a)

Thiuram mix 1% pet.
Potassium dichromate 0.5% pet.
Balsam Peru 25% pet.
Phenylisopropyl-p-phenylenediamine 0.1% pet.
Kathon CG 0.01% aqua
p-Phenylenediamine 1% pet.
Lanolin alcohol 30% pet.
Colophony 20% pet.
Neomycin sulfate 20% pet.
Cobalt chloride 1% pet.
Epoxy resin 1% pet.
Formaldehyde 1% aqua
Mercaptobenzothiazole 2% pet.
p-ter-Butylphenol-formaldehyde resin 1% pet.
Nickel sulphate 5% pet.
Disperse yellow 3 1% pet.
Fragrance mix + sorbitan sesquioleate 8% pet.
Paraben mix 16% pet.
Disperse blue 124 1% pet.
Benzocaine 5% pet.
Dibromodicyanobutane 0.3% pet.
Corticosteroid mix 2.01% pet.
Lyral 5% pet.
Mercapto mix 2% pet.
Desoximetasone 1% pet.

(b)

Cadmium chloride 1% pet. Yellow
Chromium oxide 2% aqua Green
Mercury metal 0.5% pet. Red
Copper sulfate 1% aqua Blue
Ferric oxide 2% pet. Black
Aluminium chloride 2% pet. Purple
Zinc metal 1% pet. White

reactions were documented with photographs taken by a
Canon digital camera.

3. Results

In the above-mentioned period for the 16 patients, the reac-
tions to tattoo were 5 foreign body granulomatous reactions
(Figure 1), 4 lichenoid reactions (Figure 2), 2 psoriasis, 1
pseudoepitheliomatous hyperplasia (Figure 3), and 4 pseu-
dolymphomatous reactions of which 3 were on red tattoos
and 1 was on a black tattoo (Figures 4 and 5). All the 16
patients were negative for allergological examination with
the standard SIDAPA series and the tattoo additional one.
Patch testing with the real pigment used for the tattoo in 5
patients was also negative. Histological examination for the
foreign body granulomatous reactions revealed granuloma-
tous depositions of exogenous pigment in the background
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Figure 1: Foreign body granulomatous reaction on a black tattoo and relative histologywith granulomatous depositions of exogenous pigment
in the background of granulomatous-productive inflammation of the dermal stroma.

Figure 2: Lichenoid reaction on a black tattoo and relative histology with a widespread vacuolar basal epidermic degeneration with a deep
dermal lymphohistiocytic infiltrate into a lichenoid pattern, associated with deposition of exogenous pigment.

(a) (b)

Figure 3: (a) Pseudoepitheliomatous hyperplasia on a red tattoo and relative histology with epidermal pseudoepitheliomatous hyperplasia
and follicular hyperkeratosis (H&E, original magnification ×5); (b) the part indicated by the arrow shows an inflammatory infiltrate in the
dermis, composed of lymphocytes and plasma cells and dermal exogenous pigment deposition (H&E, original magnification ×40).

of granulomatous-productive inflammation of the dermal
stroma.The lichenoid reactions showed a widespread vacuo-
lar basal epidermic degenerationwith a deep dermal lympho-
histiocytic infiltrate into a lichenoid pattern, associated with
deposition of exogenous pigment.The pseudolymphomatous
reactions demonstrated the presence of colour (red or black)
exogenous pigment in the background of a reactive lymphoid
hyperplasia in the superficial and medium dermis. The
specimens were analysed by PCR-based IgH chain (FR2A-
JH and FR3A-JH segments), T-Cell Receptor gamma and
T-Cell Receptor beta clonality detection, and heteroduplex

analysis of PCR products revealing polyclonal rearrangement
of these regions. Polarizing microscopy showed no signs
of birefringence. The pseudoepitheliomatous hyperplasia on
the red tattoo showed an epidermal pseudoepitheliomatous
hyperplasia and follicular hyperkeratosis with an exogenous
red pigment deposition which was demonstrated within
the dermis, associated with a mixed inflammatory infiltrate,
composed of lymphocytes and plasma cells.

Patients with inflammatory skin reaction (granuloma-
tous, lichenoid, and psoriasis) were treated with topical
steroid with rapid improvement of skin lesions. Patients
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Figure 4: Pseudolymphomatous reaction on a red tattoo and relative histology with the presence of red colour exogenous pigment in the
background of a reactive lymphoid hyperplasia in the superficial and medium dermis.

Figure 5: Pseudolymphomatous reaction on a black tattoo and relative histology with the presence of black colour exogenous pigment in the
background of a reactive lymphoid hyperplasia in the superficial and medium dermis.

Figure 6: Resolution of the lesions of pseudolymphoma on the red portion of the tattoo after 4 sessions of Q-Switched Nd:YAG laser.

with neoplastic reaction (pseudoepitheliomatous hyper-
plasia and pseudolymphoma) initially underwent systemic
steroid treatment (methylprednisolone acetate 40mg PO
daily) resulting into complete clearance of the lesions,
but they reappeared immediately after ten days. Subse-
quent treatment with Q-Switched Nd:YAG laser (DEKA

M.E.L.A, srl, Calenzano, Italy) resulted into almost com-
plete lesion disappearance (Figure 6). Q-Switched Nd:YAG
laser was used in two different wavelengths at 1064 nm
with a spot size of 3mm and a fluence of 11–12.5 J/cm2
and 532 nm with a spot size of 3mm and a fluence of
3 J/cm2.
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4. Discussion

Tattooing has recently become increasingly popular and not
only among young people, giving rise to parallel increase of
adverse reactions. With the increasing incidence of tattooing
fashion trend in society, physicians should be able to recog-
nize tattoo complications and also appropriately counsel their
patients on risks of tattoo placement [16].Numerous potential
complications secondary to tattoo placement have been
reported in literature. Tattoo reactions can be divided into
three main categories: inflammatory, infectious, and neo-
plastic. Inflammatory manifestations include focal oedema,
pruritus, papules, or nodules at the tattoo site. Histologically
they can be classified as lichenoid, eczematoid, foreign body
granulomatous, and sarcoidal [17]. Less commonly, psoriasi-
form, morpheaform, and vasculitic reaction have also been
reported [18, 19]. The infectious reaction can be generally
distinguished in bacterial, viral or mycotic and they can
appear as superficial or with deep skin involvement. Rare but
possible reactions are represented by pseudoepitheliomatous
hyperplasia and pseudolymphoma. They are not considered
as real premalignant conditions.The neoplastic complication
described within tattoo pigments includes keratoacanthoma,
squamous cell and basal cell carcinoma, leiomyosarcoma, and
melanoma. When we observe tattoo malignancies, usually
squamous cell carcinoma, they are fully evolved and they do
not present as “premalignant” condition. According to the
literature, the most frequent tattoo reactions concern allergic
contact dermatitis due to delayed hypersensitivity reaction
to different pigments contained in the tattoos [20, 21]. The
main pigment causing allergic reaction is the red one, due
to the presence of mercury and its sulphides [22]. However,
nowadays most reactions are not due to the traditional pres-
ence of mercury sulphides, but due to new organic pigments
(e.g., Pigment Red 181 and Pigment Red 170) [1]. Different
from red tattoo, the blue, green, and black tattoos are a
less frequent cause of allergic contact dermatitis [23–26].
Actually allergological reactions to temporary henna tattoos
due to the para-phenylenediamine are very common [27].
The first conclusion of our study showed that the results
of these 16 patients for standard series and additional and
specific haptens were negative. Therefore we noticed that
allergic reactions due to sensitization to haptens contained in
tattoos are not very frequent. A possible explanation is that
needles used by tattoo artists, passing through the skin and
inoculating haptens directly in the dermis, could bypass
the normal mechanism of hapten processing. In fact, the
first phase of the hapten processing usually occurs in the
epidermis, where antigen presenting cells are present in great
number, whereas the inoculation of the hapten in the dermis
without any adjuvant could escape the first phase of the
innate immunity. For example, we can suggest that whereas
a typical hypersensitivity reaction, such as the one directed
towards p-phenylenediamine, is possibly due to the activation
of memory T cells previously activated by occasional contact
(i.e., hair dye), it is unlikely that we could have been in contact
with substances present in tattoo inks.

Even the most recent subcutaneous vaccinations (such as
the flu vaccine) need the presence of adjuvants.Moreover, the

Table 3: Other possible ingredients and haptens contained in the
tattoo ink and pigment colour.

Tattoo ink/pigment
color Ingredient

Black
Iron oxide
Carbon
Logwood

Brown Ochre (ferric oxide)

Red

Cinnabar/mercuric sulfide
Cadmium red
Iron oxide/common rust
Napthol-AS pigment

Yellow

Cadmium yellow
Ochre
Curcuma yellow
Chrome yellow (PbCrO4, often mixed
with PbS)

Green

Chromic oxide (Casalis Green or
Anadomis Green)
Lead chromate
Phthalocyanine dyes
Ferrocyanides and ferricyanides

Blue

Azure blue
Cobalt blue
Cobalt phthalocyanine
Cobalt aluminate

Violet (purple)

Manganese ammonium
pyrophosphate
Various aluminum salts
Dioxazine/carbazole

White

Lead carbonate
Titanium dioxide
Barium sulfate
Zinc oxide

Henna Henna dye and paraphenylenediamine
(PPD)

nature of the antigen is different, viral particles being more
immunogenic than haptens.

Another hypothesis is that tattoo composition is very
heterogeneous and in continuous evolution (Table 3), and we
have tested solely the SIDAPA standard series and only few
metal haptens associated with different tattoo pigments.

The second conclusion is related to the possible develop-
ment of neoplastic skin manifestation arising from a tattoo.
Four of the 16 patients presented a histological examination
compatible with a pseudolymphomatous reaction and one
patient presented a pseudoepitheliomatous hyperplasia reac-
tion. The pathogenesis of malignancies in tattoos is far from
being obvious since it is not clarified if the development of
neoplasms in tattoos is coincidental or is somehow due to
the tattoo.The trauma induced by the procedure (puncturing
the skin) has always been pointed out in the literature as
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one of the main causes: tattoo pigments do not remain
inert in the dermis because a skin inflammatory reaction
occurs during the whole life in an attempt to degrade the
foreign material, and it is unknown exactly what type of
reactions occurs [28]. This inflammatory reaction starts as
being local but can become generalized. Trauma is probably
not the only factor, since tattoo inks have been shown to
contain numerous potentially hazardous and carcinogenic
compounds that hypothetically could be tumorigenic [29].
However, the potential carcinogenicity or toxicity related to
the pigments/dyes or their byproducts still remains unclear
[30]. Unfortunately, only in vitro data are available showing
that some azo dyes, under certain circumstances (laser ther-
apy, UV exposure), may lead to the increase of some carcino-
genic substances such as 3,3-dichlorobenzidine [30, 31].

An early diagnosis through skin biopsy, especially with
papulonodular growth within the tattoo pigment, is manda-
tory since neoplastic conditions are not immediately recog-
nized with clinical examination only. For that reason, the
transformation from a pseudolymphoma into a lymphoma
and the transformation fromapseudoepitheliomatous hyper-
plasia into a squamous cell carcinoma or keratoacantoma are
very rare, but not impossible [13–15].

Once a diagnosis has been established, it is important
to remove the lesion. For refractory skin eruptions unre-
sponsive to medical therapy, surgical or laser treatment may
be considered. In our patients we have used a Q-Switched
Nd:YAG laser capable of emitting two different wavelengths
at 1064 nm (useful for dark blue and black pigment) and
532 nm (useful for removal of red, orange, and purple tattoo
pigments). The Q-Switched Nd:YAG system releases high
energy in extremely short times (max 6 ns), producing a
“photoacoustic” effect that breaks down the derma cells
containing the tattoo pigment. Thanks to the rupturing
of the membrane of these cells, the pigment is released
and eliminated by the lymphatic system. These short laser
emissions allow for confining the thermal effect exclusively
to the target—in this case the tattoo pigment—therefore
safeguarding the surrounding tissues [32, 33].Moreover, laser
systems allow the best aesthetic results without leaving scars if
compared with surgery that sometimes may be more radical
but capable of injuring the underlying tissue.

5. Conclusion

The medical literature contains numerous case reports
on dermatological reaction after tattoos procedure. Our
experience on a small number of patients underlines that
the allergic contact reaction is not the most frequent com-
plication after the tattoo procedure.The potential correlation
between tattooing and skin cancer is rare but not impossible,
though its pathogenesis is still unclear. Our study is subject
to several limitations due to the number of patients involved.
Further studies should be done to investigate in depth the
possible evolution to malignancy. A follow-up of a large
cohort of tattooed people would help to assess whether
or not tattooing is an independent risk factor for skin
malignances.This paper should advise not only dermatologist
but also physicians about the possible risk of malignancies

in tattoo reactions. In suspected cases, especially in front of
papulonodular lesions arising from a tattoo, it is important to
perform an early diagnosis through histopathology followed
by removal of the lesion.
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