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STSM purpose:
This STSM is focused on the development and characterization of new materials for
multi-purpose optical skin tissue phantoms. In particular, the measurements of optical and
thermal properties of optical tissue phantoms. Another goal is fostering a long-term
collaboration between biophotonics research groups from Gdańsk University of Technology
(Poland) and Saratov State University (Russia).

Description of the work carried out during the STSM:

Research conducted during this STSM was focused on studying the optical as well as
thermal properties of optical tissue phantoms for skin disease infrared laser therapy
applications. Tissue-mimicking phantoms are materials which simulate the optical properties
of biological tissues (absorption and scattering), and are tuned to the near infrared range of
about 800-1000 nm. Research in this area is crucial for better understanding of the phenomena
related to laser-tissue interactions, specifically is the case of skin laser diagnostics and
therapy. The light delivery to skin layers can be rather easily physically modeled using optical
phantoms, when the optical parameters of such tissues are known. However, in the case of
infrared laser therapy, distribution of heat to diseased sub-dermal tissues is of utmost
importance. Therefore, it is important to know also the thermal properties of the optical
phantoms, to use them as skin substitutes not only for studying optical diagnostics but also for
studying photothermal therapy. The potential development of optical phantoms with tunable
opto-thermal properties will help in both: testing newly developed dermatologic lasers'
performance, as well as help to study the related basic phenomena. This project was aimed to

explore this area of phantom development, with focus on both optical and thermal properties
of such materials.
Furthermore, this STSM allowed to establish a long-term collaboration on shared
scientific goals carried out in parts in both the Home and Host institution; a first so far
collaborative effort between COST members and Near Neighbor.

Description of the main results obtained:

1. Thermal model
During the STSM we have discussed the development of thermal models for
estimation of thermal properties of opical tissue phantoms. We have established goals and
possible solutions to the problem of opto-thermal parameters estimation. With known optical
properties of the samples (phantoms) and known energy distribution of the laser source
(Gaussian beam profile, spot diameter, power, pulse duration, etc,), a monter-carlo modelling
of light absorption map will be created. Next, the thermal measurements will be concluded to
record the temperature distribution over phantom are upon laser irradiation. Application of
know absorption distribution maps, and heat distribution maps (and their change in time), will
be used as input for the thermal properties model. The model will allow to estimate the
thermal properties of the investigated sample. This concludes the solution of the forward
problem. Next, the inverse problem will be considered, that is, the estimation of optical and
thermal properties from the samples with unknown opto-thermal properties. For this we have
conducted measurements on a bovine liver samples, as a close approximation to the bloodperfused tissues, which is the case for skin lesions. Later, we have successfully conducted the
measurements of thermal response of optical tissue phantoms for the forward problem, as well
as tissue measurements for the inverse problem. The establishment of thermal properties will
be conducted after the mathematical model programming is finished, according to the
guidelines outlined during STSM visit.

1. Optical studies
In order to mimic the reduced scattering and absorption coefficients of tissues,
phantoms were made with PVCP as a matrix material and ZnO nanoparticles as a scattering
agents. Then, we have manufactured a series of tissue-mimicking phantoms with different
thickness 0,2 – 2 mm, with and without absorbing agent. Their optical properties were

measured using a double integrating sphere technique, a schematics of which is presented on
Fig.1.

Figure 1. Double integrating sphere set-up. IS - integrating sphere, LS - light source (broadband, collimated
beam), Smpl - sample, R - spectrometer for reflectance measurements, T - spectrometer for transmittance
measurements, Tc - spectrometer for collimated transmittance measurements.

In order to know the optical properties of phantoms, the values of total reflectance,
total transmittance, collimated transmittance, refractive index, and sample thickness were
measured. Total reflectance, total transmittance and collimated transmittance were measured
using a double integrating sphere setup. The refractive index was measured using a
refractometer. Optical Coherence Tomography system was used to confirm refractive index
measurements as well as measure the thickness of the phantoms The optical properties of
phantoms (μa, μs, μs' and g) were then reconstructed using inverse adding-doubling
algorithms.

Figure 2. Results of optical properties measurements of manufactured phantoms. Absorption coefficient (a) and
reduced scattering coefficient (b).

2. Thermal studies
The thermal response of the phantoms (and tissues) were investigated by
thermographic imaging using an IR camera. The set-up is presented on Fig. 3. The setup
consists of a laser which irradiates the samples, sample holder, and a camera situated at 45
degrees angle from the sample.

Figure 3. Set-up for studying thermal response of the optical phantoms. 1 - Dermatological laser, 2 - optical
tissue phantom, 3 - Placement of an IR camera for frontal measurements, 4 - placement of an IR camera for
backside measurements.
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Figure 5. Thermal response of tissue phantoms. Spatial temperature distributions in (Y axis at maximum) for
different points in time for frontal a) and backside b) measurements.

We have established the spatial and temporal evolutions of temperature distributions
on phantoms and tissues. The measurements helped to establish the heating and cooling rate
for the phantoms, as well as assess the size of the affected area. Change of temperature
distribution on front and back of a phantom (Fig 5.) is shown. This is helpful in evaluating the
depth of penetration of optical radiation, as well as the heating efficiency of sub-dermal

layers. Furthermore, for the inverse problem studies, we have measured a fresh bovine liver
samples. Different laser settings were used to gain more knowledge on opto-thermal
parameters of said tissue. Figure 6. presents the spatial temperature distributions, at maximal
temperature, achieved on phantoms and tissues.
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Figure 6. Spatial temperature distributions on optical tissue phantoms and tissues. Frontal measurements on
phantoms (a) - non absorbing, (b) - absorbing; and bovine liver (c, d, e, f - various parameters and measurement
sites) for inverse problem.

Mutual benefits for the Home and Host institutions:
This STSM mission allowed for the completion of a step in the ongoing research
collaboration between the biophotonics groups from Gdańsk University of Technology and
Saratov State University on tissue-mimicking phantoms for laser calibration for
dermatological applications, simulating thermal and optical parameters alike.

Future collaboration with the Host institution (if applicable):
Future collaboration will continue between Host and Home institution in this research
area as both parties agreed on the continuation of said research. Future endeavors will be
carried out in the direction outlined during this mission which includes: refining the
fabrication procedure of optical tissue phantoms and development of new materials for this
purpose which closely match optical parameters of the tissues, as well as its thermal
properties for testing and calibration of dermatological lasers.

Foreseen journal publications or conference presentation expected to result from the
STSM:
The results of this STSM are planned to be presented at 4th International Conference on
Photonics, Optics and Laser Technology "PHOTOPTICS", Feb 27 - 29, 2016. Later we plan
to publish a full paper in the Journal of Biomedical Optics.
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