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PROPERTIES OF BIOLOGICAL TISSUES

An experimental installation is created to research the features in the optical and thermo-
physical properties of biological tissues under the action of continuous and pulsed laser radi-
ation. The results obtained form a basis for the development of a complex technique aimed at
estimating the influence of laser radiation and calculating the laser radiation dose obtained in
the course of a laser therapy session. The data obtained may be useful to identify the patholo-
gies of tissues and to accurately determine their boundaries already at the early stages of their
evolution, which is important for the proper diagnostics and in surgery.
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1. Introduction

Nowadays, a wide arsenal of lasers and laser systems
has already been implemented in various domains of
medical science and practice. Lasers are most used in
surgery, urology, and ophthalmology, where the de-
structive effect of highly intense radiation is mainly
applied at bloodless operations. Lasers are success-
fully applied to blood irradiation therapy and diag-
nostics of internal diseases. The basic physical effects
that accompany the influence of laser radiation on bi-
ological tissues include fluorescence, backscattering,
direct reflection, transmission, absorption, as well as
acoustic waves, ablation, and thermal coagulation [1].
Different tissues are characterized by specific prop-
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erties, both optical (spectral characteristics, the re-
flectance, the radiation penetration depth) and ther-
mal (the thermal and temperature conductivities, the
heat capacity). As a result, the results of a laser ra-
diation action on them are also different. Hence, the
irradiation mode and the relevant specific parame-
ters — the wavelength, capacity, procedure duration,
and radiation dose — should be selected separately to
treat every type of biological tissues. Therefore, the
necessity of researches concerning the optical proper-
ties of biological tissues is undoubted and, in turn,
stimulates the development of new laser-based me-
thods [2—4].

It is important to note that the existing methods
of laser therapy are based on the integrated optical
characteristics of biological tissues. They do not con-
sider the local angular distributions of laser radia-
tion transmitted through a tissue, which consider-
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Fig. 1. Femtosecond complex. General view

ably restricts the calculation accuracy of radiation
doses and, as a consequence, the efficiency of laser
therapy. Therefore, this work aimed at studying the
influence of laser irradiation in various modes — con-
tinuous and ultrashort (femtosecond) pulsed — on bi-
ological tissues in order to apply the obtained results
in laser therapy and diagnostics.

2. Experimental Part

Experimental researches were carried out on the
equipment of the Laser medical and biological cen-
ter of the “Biophysics—Ukraine” Ltd. Company at the
National Cancer Institute of the Ministry of Public
Health of Ukraine (Fig. 1). The operating character-
istics of the femtosecond complex were as follows.

The performance data of a laser Mira 900-F:

— pump source: radiation of a laser Verdi V-10;

— average output power: up to 1.5 W

— peak output power: up to 100 kW;

— radiation wavelength (tuning range): 700-900 nm;

— pulse duration: no more than 200 fs;

— pulse repetition rate: 76 MHz;

— instability of output power: less than 3%;

— wavelength instability: less than 2 nm;

— beam diameter: 0.8 mm;

— beam divergence: 1.7 mrad;

— beam polarization: horizontal,;

— noise: no more than 2%;

— power consumption: less than 2 kW.

The performance data of a harmonic generator
Model 0-050:

— wavelength of the first harmonic: 700-900 nm;

— polarization: horizontal;

— wavelength of the second harmonic: 350-450 nm;

— wavelength of the third harmonic:: 233-333 nm.

The output parameters of the laser complex — the
power P and the wavelength A — were controlled in the
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automatic regime. For power measurements, a Field
Master™ GS energy/power analyzer was used, the
semiconductor and thermal sensors of which allowed
us to carry out measurements in wide ranges of wave-
lengths (from 0.19 to 10.6 pm), continuous radiation
power (from 1 nW to 5 kW), and pulse energy (from
1 uJ to 20 J) [5]. Spectral characteristics were regis-
tered on a spectrometer HR2000+, which permitted
measurements in a range from 200 to 1100 nm with
a high resolution of 0.035 nm to be done [6]. In the
wavelength interval 350-450 nm, the average output
working power was equal to 200 mW, and the peak
one to 17.5 kW; in the interval 700-900 nm, the cor-
responding values equaled 400 mW and 35 kW, re-
spectively. To study the spectral characteristics of bi-
ological tissues (the transmission and reflection coeffi-
cients; the fluorescence, scattering, and transmission
spectra) and their thermophysical parameters (the
temperature distribution over the tissue depth and
its behavior in time), an installation was created, the
schematic diagram of which is exhibited in Fig. 2.

Healthy and pathological tissues of human stomach
and gullet were studied; 25 samples 10 x 10 mm? in
dimensions in each group were used in researches. All
the properties of biological tissues indicated above
were analyzed at various wavelengths of laser radia-
tion (375-450 and 750-900 nm) in the continuous and
pulsed (femtosecond) regimes. The installation was
capable of registering the scattering and reflection in-
dicatrices. Before every measurement, the tissue sam-
ples were cooled down to room temperature (20 °C)
in a physiological solution. The radiation scattered by
the samples was registered by spectrometer 8. The
temperature was measured using a digital multime-
ter DT 838 equipped with a thermocouple TP-01
(chromel-alumel, Ni-Cr vs Ni-Al). The measurement
accuracy was 3%. The registered data were treated
statistically with the use of the Excel 7.0 and Statis-
tica 5.0 softwares [7-9], and their experimental statis-
tical error was found to equal 5%. Each measurement
was made three times.

3. Results and Their Discussion

3.1. Features of laser radiation
transmission through biological tissues
in the continuous and pulsed regimes

The researches were carried out on an experi-
mental installation shown in Fig. 2. Laser radiation
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Fig. 2. Schematic diagram of experimental installation. Femtosecond complex: (1) power unit, (2) cooling block, (8) pumping
laser Verdi V-10, (4) femtosecond laser Mira Optima 900-F, (5) harmonic generator Model 0-050. Measurement unit: (6) polarizer,
(7) thermal and optical sensors. Registration unit: (8) spectrometer HR2000+, (9) power analyzer Field Master GS, (10) digital
temperature meter (a multimeter DT 838 and a thermocouple TP-01), (11) personal computer

(A =800 nm and P = 400 mW) passed through a
sample and, after scattering, was registered in vari-
ous directions using a movable power sensor located
at a distance of 50 mm from the sample. This setup
allowed us to determine the angular dependences of
the transmission coefficient presented in Fig. 3.

Figure 4 schematically illustrates the features in
the angular distribution of the laser radiation trans-
mittance for a healthy tissue sample in various ra-
diation regimes. Namely, let us distinguish those di-
rections, in which the intensity of scattered radi-
ation exceeds half the transmitted intensity maxi-
mum. Then those directions formed a cone with an
opening angle of 30° in the continuous regime and
60° in the femtosecond one. The total intensity scat-
tered in those cones amounted to 48 mW in the con-
tinuous regime and 67 mW in the femtosecond one,
i.e. 12 and 17%, respectively, of the incident radiation
intensity.

3.2. Laser radiation backscattering
by biological tissues in various regimes

The corresponding researches were carried out on an
experimental installation shown in Fig. 2. Laser radi-
ation was scattered by the samples of biological tis-
sues in various regimes (continuous and pulsed) and
registered with the use of a power meter sensor lo-
cated in front of the sample at a distance of 50 mm
from it. The backscattering indicatrices for the sam-
ples of healthy and pathological biological tissues are
exhibited in Fig. 5.

The analysis of Figs. 3 to 5 allows the following con-
clusions concerning the features of the laser radiation
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Fig. 3. Indicatrices of the coefficient of laser radiation trans-
mission through biological tissue samples:
regime, healthy tissue; (2) femtosecond regime, pathological
tissue; (3) continuous regime, healthy tissue
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Fig. 4. Schematic illustration of laser radiation transmission
through a healthy biological tissue in the (a) continuous and
(b) femtosecond regimes

transmission through and backscattering by healthy
and pathological tissues of various types to be drawn:

— samples of healthy tissues absorb weaker than
samples of pathological ones;
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Fig. 5. Indicatrices of laser radiation backscattering: (1) fem-
tosecond regime, healthy tissue; (2) femtosecond regime,
pathological tissue; (3) continuous regime, healthy tissue
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Fig. 6. Fluorescence spectra of biological tissue samples of (a)
human gullet and (b) human stomach excited by femtosecond
radiation: (1) healthy tissues, (2) in the tumor bulk, (3) near
the tumor boundary, (4) at the tumor boundary
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Fig. 7. Temperature distributions along the transverse cross-
section of healthy (1, 3, 5) and pathological (2, 4, 6) human
gullet tissue samples at various times of their exposition to
femtosecond laser radiation

— femtosecond radiation is absorbed weaker than
continuous one.

Those conclusions were also confirmed by the re-
sults of temperature researches of biological tissues
presented in Section 3.4. It should be noted that the
indicated features were observed for the majority of
kinds of soft biological tissues.

3.3. Researches
of fluorescence spectra of biological tissues

Fluorescence spectra of healthy and pathological
biological tissues (human gullet and stomach) at
their excitation with laser radiation in the contin-
uous and pulsed (femtosecond) regimes were reg-
istered on an experimental installation shown in
Fig. 2. Fluorescence signals were registered at a dis-
tance of 10 mm from the tissue samples at various
angles with respect to the horizontal axis. The most
informative turned out the fluorescence spectra mea-
sured in the angular interval from —15 to +15°. The
analysis showed that, when the samples were sub-
jected to the action of laser radiation in the wave-
length interval 760-840 nm, the spectra of scattered
and transmitted radiation coincided with the spectra
of incident radiation. When the laser radiation wave-
length was in the interval 380-420 nm, no transmit-
ted signal was registered behind the samples, and the
spectral structure of scattered radiation had a num-
ber of peculiarities.
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In Fig. 6, the fluorescence spectra of pathological
and healthy tissues of human gullet and stomach ex-
cited by laser radiation with A = 400 nm are de-
picted. One can easily see that the fluorescence signal
registered from a sample of the tumor boundary un-
der the influence of pulsed radiation has the largest
intensity in comparison with other spectra. From the
medical viewpoint, this fact is quite reasonable, be-
cause it is at the tumor boundary that essential bio-
chemical variations take place. The processes in the
tumor bulk can be considered as already finished,
and, as a result, the fluorescence signal from the
tumor bulk is much weaker than from its bound-
ary. Hence, the fluorescence spectra obtained while
exciting the biological tissue samples with pulsed fem-
tosecond radiation can be considered as a sound fac-
tor for the identification and the determination of
pathology boundaries in biological tissues.

3.4. Influence of pulsed laser
radiation on the thermal characteristics
of biological tissues

The temperature distribution in the samples of
healthy and pathological gullet tissues was measured
on an experimental installation shown in Fig. 2. For
irradiation, laser pulses of femtosecond duration with
the wavelength A = 800 nm and the power P =
= 400 mW were used. The exposition time intervals
were 1, 5, and 10 s. The temperature in the biological
tissue samples subjected to irradiation was measured
at depths of 1, 3, 6, and 10 mm with the help of a
thermocouple, which was moved along the transverse
cross-section of the sample.

As one can see from Fig. 7, the temperature in the
healthy gullet tissues subjected to femtosecond irra-
diation for 1 s appreciably changed only in a layer
3 mm in thickness. If the irradiation lasted 10 s, the
temperature reached 37 °C at a depth of 1 mm and
smoothly fell down to a depth of 8 mm following the
exponential law. At the same time, the temperature
in the pathological gullet tissues exposed to femtosec-
ond irradiation for 1 s appreciably changed only in a
layer 6 mm in thickness, whereas for an exposition
of 10 s, the temperature reached 40 °C at a depth
of 1 mm and smoothly fell down exponentially to a
depth of 9 mm. From Fig. 7, it follows that the tem-
perature in the pathological gullet samples at a depth
of 1 mm was higher than in the healthy ones by about
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3 °C at various exposition times, but did not differ
substantially at a depth of 6-10 mm. Hence, in the
pathological tissue, its temperature raises consider-
ably even at the first second of interaction with laser
radiation. This fact originates from biochemical vari-
ations in the pathological tissue giving rise to a dis-
tortion of its morphological and histological param-
eters, so that it becomes capable of heat absorption
and retention. Hence, in order to identify healthy or
pathological biological tissues and to calculate the ra-
diation doses at laser therapy, the determination of
the temperature at depths not smaller than 1-3 mm
is optimal.

4. Conclusions

While studying the optical characteristics of biolog-
ical tissue samples (human stomach and gullet), the
following results were obtained.

— Fluorescence spectra demonstrate reproducible
peaks. A distinct difference between the fluorescence
spectra of pathological and healthy biological tissues
was observed. In particular, the spectral intensity for
pathological tissue is higher, and it grows by a fac-
tor of 3 with respect to the intensity for healthy tis-
sue when moving from the tumor bulk toward its
boundary. Laser irradiation of the tissue region be-
tween the healthy and pathological sections in the
short-wave interval 380-400 nm gives rise to the ap-
pearance of additional peaks in the long-wave region
(600-700 nm) of the fluorescence spectrum.

— The intensity of radiation scattered by healthy
biological tissues is 20-30% higher in comparison with
pathological ones, since the pathological tissue has
a higher absorption factor. As a result, pathological
tissue becomes more heated during its exposition to
laser radiation.

— There exist the angular regularities in the prop-
agation of continuous and femtosecond laser radia-
tion through biological tissue, which are different for
different tissue types. Namely, the transmitted radi-
ation with the intensity higher than or equal to half
the maximum value is propagated within a cone with
an opening angle of 30° for the continuous regime and
60° for the femtosecond one.

Our researches of the thermal characteristics of bi-
ological tissues (human gullet and stomach) showed
that pathological tissues are able to accumulate a
larger amount of heat owing to the variations in their
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morphological and histological parameters. Hence,
the thermal properties can be used to diagnose tis-
sue pathology. Thus, the complex approach, which is
based on studying the fluorescence spectra and the
intensities of scattered radiation and radiation trans-
mitted through biological tissues, makes it possible to
distinguish pathological tissues from healthy ones and
determine the boundaries of pathological neoplasms,
which is essentially important, when a surgical inter-
vention is required. In turn, the analysis of the angu-
lar distribution of the laser radiation propagation in
biological tissues allows the power density to be de-
termined for various tissues, which is important for
the calculation of a radiation dose at laser therapy.
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OCOBJIMBOCTI BIIJINBY HEINEPEPBHOI'O

TA IMITYJIBCHOI'O JIABEPHOI'O BUIIPOMIHIOBAHH#
HA OIITUYHI TA TEITJIOPIZNYHI
XAPAKTEPUCTUKNM BIOJIOI'TYHUX TKAHUH

Pezmowme

CTBOpPEHO EKCIEPUMEHTAJIbHY YCTAHOBKY JJIsl JIOCIIIKEHHS
0CODJIMBOCTEN ONTUYHUX Ta TEIIOMI3UIHUX XaPaKTEPUCTUK
0ioJIOriYHMX TKAHWH IIiJI JI€I0 HEIIEPEePBHOIO Ta IMIIyJIbCHOI'O
(dbemrocekyHmHOrO) J1azepHOro BHHIpOMiHIOBaHHsS. OTprmani
PEe3yJIbTaTH € IIEPELYMOBOIO JJIsi CTBOPEHHSI KOMILJIEKCHOT'O ITi/I-
X0y, IO JaCTh 3MOLY OIHUTHU BILIUB Ta PO3paxyBaTH JO3H
JIa3€PHOrO OIPOMIHEHHsI IIPU IIPOBEJEHHI CeaHCiB ja3epHOl Te-
paril, a TaKO>K JI03BOJIUTh BUABJIATH IIATOJIOTI] TKAHUH Ta BU-
3HAYATH 1X 9iTKI MeXKi BXKe Ha PaHHIX CTaisiX PO3BUTKY, IO €
BKpail HEOOXiTHUM $IK B JIarHOCTUYHUX IIJISIX, TaK i IIpU HEOO-
XiZIHOCTI XipyprigHOTO BTPYyYaHHS.
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