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Abstract. This paper presents a newly developed derma-
tological laser (with a central wavelength 975 nm) for appli-
cation in therapies requiring deep penetration of tissue, e.g.,
cutaneous (dermal) neurofibroma (von Recklinghausen
disease) and hemangiomas. This laser can work either in
pulses or continues wave mode. Laser radiation is trans-
mitted toward the application region by optical fiber with
a diameter of 0.6 mm. The compact design of the laser
facilitates its transport and increases the comfort of use.
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1 Introduction
The high number of dermatological disorders (such as von
Recklinghausen disease, hemangiomas, etc.) is affecting the
life expectancy and its quality of the aging population.

Von Recklinghausen disease (neurofibroma) is an autosomal
dominant disorder characterized by multiple neurofibromas,
café au lait spots, and Lisch nodules of the iris, which can
change during a lifetime. In this disease, other disorders,
from physical disfiguration and pain to cognitive disability,
may occur.1 The prevalence of this tumor is 1 in 3000 live births
in Western countries, making it a relatively common skin dis-
order. The disease is treated using drug and nondrug therapies.
Usually, as a nondrug therapy, laser therapy is used, especially
using a CO2 laser (10.6 μm) with continuous wave2 but also a
Ho:YAG laser. According to previous studies,3 treatment with a

continues wave CO2 laser can result in hypertrophic and atro-
phic scars. As hypertrophic scars can develop 2 months after
therapy, the authors of Ref. 2 have recommended a preliminary
test be performed to enable the patient to see the results to be
expected. A deeper penetration of radiation into distorted tissue
can be achieved when the Ho:YAG laser (with a central wave-
length 2100 nm)4 is used. However, in the case of therapy with
a Ho:YAG laser, a singular irradiation rarely results in positive
therapeutic and cosmetic outcomes, i.e., it leaves a flat scar on
the skin surface. Consequently, usually after the initial healing
period, irradiation must be repeated.

A hemangioma is a soft tissue tumor composed of variably
mature blood vessels and endothelial cells.5 This tumor occurs
primarily among young children. Typically, it is treated pharma-
cologically with good effects.6,7 However, surgical intervention
is necessary when the pharmacological treatment was not
successful.6 Pathological changes can be so large that they
may cover more than half of the patient’s face. Serious problems
with a child’s health can occur when lesions on the nose prevent
proper breathing or on the eye, affecting seeing. In the past few
years, new optoelectronic products for dermatological therapy
have been developed. A pulsed dye laser with wavelengths
595 nm and long pulses has been successfully used for the treat-
ment of very early, flat, superficial hemangiomas if they appear
in cosmetically significant areas.8 Unfortunately, raised lesions
or lesions under the skin do not respond to this laser treatment.
On the other hand, the treatment with a Nd:YAG laser9 often led
to some sort of scar due to deep distortion of the skin. The heal-
ing process is usually slow, and the therapy should be repeated
several times to achieve an adequate cosmetic effect.

The diode lasers with a central wavelength 975 nm have not
been widely used up until now in clinical therapies. A few exam-
ples related to otolaryngology procedures are known: turbinate
reduction, nasal polypectomy, ablation of an oral papilloma,
photocoagulation of nasal telangiectasias, and laser-assisted
liposuction.10–12 These studies determined optimal laser settings
for therapy of cutaneous lesions. In our investigations, we used
a laser diode with a wavelength 975 nm because the radiation
penetrates deeper into the biological tissue in comparison to the
Ho:YAG laser but not so deep as the Nd:YAG laser. This is par-
ticularly important in the case of pathological changes of the
skin resulting from neurofibroma (von Recklinghausen disease).
The author’s (MD J. Szymańczyk) clinical practice related to
neurofibroma therapy (with Nd:YAG and Ho:YAG lasers)
showed that it is necessary to use a laser that allows deeper pen-
etration of the skin than Ho:YAG.

In this article, a newly developed laser with a central wave-
length of 975 nm for dermatological treatment13 is presented; the
laser ensures different tissue penetration than both Ho:YAG and
Nd:YAG. The comparison of effects for therapies with pulsed and
continuous radiation at various output powers was performed.
It was applied for therapies requiring deep penetration of tissue,
e.g., cutaneous (dermal) neurofibroma or hemangiomas. The pre-
liminary investigation showed the usefulness of such a laser
during von Recklinghausen disease or hemangioma treatment.

2 Materials and Methods
The 20-W dermatologic diode laser radiating at 975 nm with the
parameters as follows: continuous wave or pulsed mode, dura-
tion of pulse (τ ¼ 0.05 ms ÷ 300 ms with step Δτ ¼ 100 ns),
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and pulse period (T ¼ 50 ms ÷ 500 mswith stepΔT ¼ 10 ms),
have been used in the experiment (see Fig. 1). Both pulse dura-
tion and pulse period could not be changed continuously but
stepwise, with the steps described above.

The compact size of the laser enables its easy transportation
to the locations where laser radiation is going to be applied. The
laser was equipped with a dedicated optical head protecting the
optical fiber end and allowing laser radiation transmission to the
treated regions (Fig. 2). The flat, polished end of the quartz fiber
is placed in a metal needle. The end can be polished again in the
case of any damage. The core diameter of the optical fiber,
applied to transmit diode radiation up to the SMA connector
placed at laser chassis, is 110 μm. To this SMA connector the
optical head is connected using fiber with a wider core diameter
of 600 μm [see Fig. 2(a)].

Preliminary studies were performed using developed opti-
cal tissue-mimicking phantoms, materials that simulate the
optical properties of human skin.14–17 These studies were
carried out to test the laser interaction with the skin. The tem-
perature distribution in the phantom after laser radiation was
examined to determine the optimal and safe laser parameters
(power, pulse duration, and its repetition rate) during treat-
ment. The interaction of the 975-nm laser radiation with
tissue phantoms18 was studied as a preclinical trial of laser
treatment effects.

3 Results
The dermatologic diode laser was applied for treatment of cuta-
neous human tissue due to dermal neurofibroma and hemangio-
mas. The selected patients had been already treated using
standard Nd:YAG (with a central wavelength 1064 nm) laser

therapy. This enabled the comparison of results and effective-
ness of this new therapy using the diode laser (with a central
wavelength 975 nm). To diminish the discomfort related to the
laser therapy, it was preceded by local anesthesia with 1% of
lignocaine.

3.1 Laser Therapy of Dermal Neurofibroma

In the case of the patient with dermal neurofibroma, different
laser power levels were applied to determine the optimum
power. In the first case, laser radiation with a continuous
wave 10 and 12 W was applied (Fig. 3).

The cutaneous (dermal) neurofibroma manifests as single or
multiple firm, rubbery bumps of varying sizes on a person’s
skin. They are not malignant but progressive in number and
size. They can result in a range of symptoms from physical dis-
figuration and pain to cognitive disability.

The neurofibroma symptoms mentioned above, i.e., rubbery
bumps of various sizes at the right side of the patient neck
region, were treated using continues wave optical radiation
975 nm of the diode laser. Due to the tolorability of the therapy
using both diode (975 nm) and Nd:YAG (1064 nm) lasers,
the treatment was preceded by local anesthesia with 1% of
lignocaine.

The interaction time of laser radiation with the bumps varied
with their size and applied laser power. This must be properly
determined to achieve good therapeutic and cosmetic results.
The interaction time increases with the size of the bump and
decrease of laser power. The inside of the bumps is filled
with slimy tissue that must be evaporated. If the interaction
time is too short then part of the bump survives. When it is
too long, unnecessary deep scars result. In the case discussed,
laser radiation was applied for at least 3 s for bumps of 1.8 mm
in diameter and more than 5 s for bumps 3 mm in diameter.

The final effects of the diode-laser therapy on cutaneous
(dermal) neurofibroma are very promising. It was found that
the radiation power of 10 W is optimal for the neurofibroma
therapy, i.e., 10 W was enough to get positive effects and
have a good speed of laser therapy. The positive effects mean
no bleeding during therapy and no scars after healing process,
i.e., increased life comfort and good cosmetic effects even after
one laser treatment. However, after some years the repetition of
the treatment may be required if the cause for the pathological

Fig. 1 Experimental setup: (a) dermatological laser and (b) control
panel of the laser.

Fig. 2 (a) Optical head protecting fiber and (b) allowing laser-radiation
transmission to treated region.

Fig. 3 Laser therapy of cutaneous (dermal) neurofibroma using radi-
ation with wavelengths 975 nm and continuous wave, power: 12 W
right side of the neck region below ear (a) view before irradiation,
(b) soon after irradiation (55 s), (c) 7 weeks after laser treatment and
10 W right side of the neck region below the first treatment, (d) view
before irradiation, (e) soon after irradiation (52 s), and (f) 7 weeks after
laser treatment. Example of a figure caption: (a) sun and (b) blob.

Journal of Biomedical Optics 010502-2 January 2017 • Vol. 22(1)

JBO Letters



skin change is not removed completely. The speed of therapy is
determined by the time needed to remove rubbery bumps of
various sizes.

In the case of therapy with Ho:YAG laser, it was established7

that singular irradiation never achieves positive therapeutic and
cosmetic effects, i.e., it leaves a flat scar on the skin surface. So
usually, after the healing period, irradiation must be repeated, as
the previously treated neurofibroma again raises above skin
level in the central part. In the case of the applied diode laser,
this negative effect was not observed. Singular irradiation led to
flat scars on the skin surface, so the improved cosmetic effect of
the diode-laser therapy was gladly welcomed by patients. It was
also established that the treatment with the diode laser (975 nm)
is faster than with the Nd:YAG laser (1064 nm).

3.2 Laser Therapy of Hemangiomas

The second patient with a hemangioma located at the lower lip
was irradiated using the same diode laser with continuous wave
optical radiation at 10 W power (see Fig. 4). The laser radiation
was applied for 7.5 s. There was no sign of scarring observed
4 days after treatment [see Fig. 4(c)].

4 Discussion
The preliminary investigations of laser diode therapies (gener-
ating radiation with a wavelength 975 nm) directed toward treat-
ment of cutaneous human tissue, both dermal neurofibroma
(von Recklinghausen disease) and hemangiomas, show very
positive and promising results (see Table 1).

The positive effects mean no bleeding during therapy and no
scars after the healing process, i.e., increased life comfort and
good cosmetic effects even after one laser treatment. However,
after some years, the repetition of the treatment may be required
as the reason for the pathological skin changes is not removed.

The results for treatment of neurofibroma with diode laser
radiation (975 nm) are better than in the case of Ho:YAG
laser (2100 nm) therapy; however, these results should be
verified by checking against a larger sample of patients.

In case of the hemangioma treatments, not every case was
successful in terms of cosmetic effects. However, in the case
of using the new laser in the curing process of patients with
neurofibroma, very good therapeutic and cosmetic effects were
achieved. Moreover, we could observe those positive effects not
only after 1 month but also after 1 year.
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