
Abstract. The problem of opto-acoustic (AO) diagnostics of
light scattering and absorption in biological media is
considered. The objects under study were milk, bovine and
porcine liver, and bovine muscle tissue. The forward and
backward schemes for recording acoustic signals were used in
experiments. The spatial distribution of the light intensity was
measured for each biological medium from the temporal
proéle of the excited OA pulse and the absorption coefécient
and reduced scattering coefécient were determined. Opto-
acoustic signals were excited by a 1064-nm pulsed Nd : YAG
laser and a tunable Ti : sapphire laser at 779 nm. It is shown
that the proposed method can be used for obtaining a priori
information on a biological medium in problems of optical
and AO tomography.

Keywords: optics of biological tissues, absorption coefécient, scat-
tering coefécient, laser opto-acoustics.

1. Introduction

During the past decade, lasers are énding increasing
applications in various problems of diagnostics of bio-
logical tissues and media [1]. Optical methods are obviously
attractive because of their noninvasive nature. A signiécant
place among them is occupied by the methods for
visualisation of absorbing inhomogeneities such as optical
[2 ë 4] and opto-acoustic (OA) [5 ë 11] tomography. The
contrast of images obtained by both these methods is
determined by the difference in the absorption coefécients
of inhomogeneities (for example, a malignant or benign
tumour) and the surrounding tissue [2, 11].

Biological tissues are highly scattering in the visible and
near-IR spectral regions [12]. This circumstance consider-
ably reduces the possibilities of tomography by restricting
the probe depth (the maximum distance from the medium
surface to an inhomogeneity of one or other type at which it
can be still detected) and the minimal size of objects that can

be visualised. In addition, to determine the optimal wave-
length and construct algorithms for solving inverse
tomography problems, a priori data about the optical
properties of tissues under study are required.

Therefore, the study of the distribution of laser radiation
in turbid media remains an actual problem. Great recent
progress in the in vivo measurements of optical character-
istics of biological tissues was achieved by using
backscattering methods such as scattering spectroscopy
with the frequency [13 ë 16], spatial [17, 18], and time
[19 ë 22] resolution.

Note that the time-resolved method is most developed
among these methods. Measurements are based on the
recording of the temporal proéle of a picosecond laser
pulse backscattered by a medium. Its time delay with respect
to the reference (unscattered) pulse determines the scattering
coefécient of the medium, while the exponential decay rate
determines the absorption coefécient (see, for example, [19]).
Therefore, the contributions of absorption and scattering
are taken into account separately. Calculations are usually
based on the diffusion approximation of the radiation
transfer equation. Measurements can be conveniently per-
formed by using radiation from a picosecond Ti : sapphire
laser tunable between 600 and 1100 nm or radiation from
several diode lasers emitting in the same spectral range. It
was shown in [22] that these lasers can be used in clinics. The
absorption and scattering spectra of main human tissues
were obtained in [21, 23].

Despite numerous advantages of the methods considered
above, they also have disadvantages. The main disadvantage
is the assumption about the homogeneity of a medium used
in calculations. Already in the case of a two-layer medium,
signiécant, virtually insurmountable diféculties appear in
the reconstruction of its optical properties [24]. The proéle
of a signal scattered by the medium does not have drastic
distortions caused by the presence of layers or inhomoge-
neities. Therefore, the calculated optical coefécients contain
only some integral information about the medium.

Thus, the local and direct measurement of the laser
radiation distribution in biological media is still of current
interest. This problem can be partially solved by using an
optical coherence tomograph [25 ë 27] that provides images
with a spatial resolution of 5 ë 20 mm. However, the probe
depth is restricted in this case by strong scattering of light
and is no more than 2 ë 3 mm.

The OA method is based on the local thermooptic
excitation of acoustic signals in a medium absorbing laser
pulses. In the case of excitation by nanosecond laser pulses,
the heat diffusion within the duration of the laser pulse can
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be neglected. If the laser-beam width exceeds the character-
istic penetration depth mÿ1eff of light into the medium [where
meff� (3mam

0
s)
1=2 is the effective attenuation coefécient, and

ma and m 0s are the absorption coefécient and reduced
scattering coefécient, respectively], the OA pulse proéle
repeats the in-depth distribution of the heat release, i.e.
the spatial distribution of the absorbed radiation intensity.
At present the OA microscopy [5, 28, 29] and tomography
[9, 10, 30] methods are being developed and reéned.

The authors of papers [31, 32] proposed to use the OA
effect for direct measurements of the spatial distribution of
laser radiation in scattering media and optical parameters of
these media. It was shown that the optical properties of
turbid media can be determined from the temporal shape of
the excited OA pulse.

The aim of this paper was to demonstrate the use of the
OA method developed in [32] for direct in vitro measure-
ments of the spatial distribution of the light intensity in
biological media and determining their optical properties.

2. Materials

It should be remembered in the study of biological objects
that the sample preparation procedure and diagnostics itself
can cause irreversible changes in samples. During in vitro
measurements of biological tissues, such changes always
occur. To interpret adequately the results of OA measure-
ments, we will describe below the preparation procedure of
samples for OA studies.

All the tissues under study (bovine and porcine liver, and
bovine muscle tissue) were stored for no more than 72 h
after the slaughter and did not undergo any temperature
processing (freezing, high-temperature heating). Samples of
size 3� 3 cm and thickness 2 cm were cut, which then were
placed for some time into a vessel with distilled water. The
vessel was slightly evacuated down to a pressure of about
0.5 atm. This procedure was performed to remove air
bubbles from biological tissues, which strongly distort
the temporal proéle of OA signals excited in biological
tissues. In this case, blood was also partially lost. Experi-
ments were performed for several samples prepared from
tissue of the same type but belonging to different animals,
and also for different parts of the same sample. Table 1
presents the statistically averaged results of measurements.

The laser êuence E0 incident on a sample in experiments
was less than 3 and 10 mJ cmÿ2 at wavelengths 779 and
1064 nm, respectively, which is much lower than the safety
threshold [33]. The heating of the medium produced by a
laser pulse [34]

DT � maE0

rcp
(1)

(where r and cp are the density and heat capacity of the
medium) was less than one hundredth of degree, and less
than one degree for the entire measurement that included
averaging over 128 signals. Thus, variations in the optical
and thermal properties of media caused by laser irradiation
could be neglected.

3. Opto-acoustic method

The arrangement of the transmitter and receiver in OA
diagnostic setups can be different. In the forward mode,
OA signals are excited and detected at the opposite sides of

the medium under study, while in the backward mode, they
are excited and detected at the same side. Below we
consider and compare the experimental results obtained by
using both detection modes.

3.1 Forward mode of OA signal detection

Figure 1 shows the diagram of the forward mode of OA
signal detection. The medium under study is placed between
a plate transparent for laser radiation, through which it is
excited, and the surface of a broadband piezoelectric
transducer. This provides the controllable thickness of
the medium and the smoothness of its surfaces.

The temporal proéle of an OA signal excited in a non-
heat-conducting medium (the length of heat diffusion within
the duration of the laser pulse tL is much smaller than the
light penetration depth V0tL 4 mÿ1eff ) by a short laser pulse
with the laser-beam diameter d0 4 mÿ1eff can be written in the
form [32, 34]

p0�t � tÿ z=V0� �
bV 2

0

2cp
maE0

H�ÿV0t�; t<0,
RacH�V0t�; t>0,

�
(2)

where the z axis is directed inside from the medium
boundary; Rac � (1ÿN )=(1�N ) is the reêection coefé-
cient of an ultrasonic wave from the scattering medium ë
transparent medium interface; N is the ratio of the acoustic
impedances of the absorbing and transparent media; H(z) is
the spatial distribution of the light intensity in the medium;
V0 is the sound speed in the medium; and b is the coefécient
of thermal expansion.

The leading edge of the OA signal p0(t < 0) repeats the
spatial distribution of heat release and, as follows from (2),
is proportional to the light intensity distribution H(z) in the
medium, the time scale of variations in p0(t) and the spatial
scale of variations in H(z) being related through the sound
speed in the medium as z � ÿV0t.

OA signal

Wideband piezoelectric

detector

Silica plate

Medium under

study

Broad laser beam

Figure 1. Principal scheme of the forward mode of OA signal detection.
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The speciéc feature of the distribution H(z) in turbid
media is that is has the maximum of the diffuse light
intensity caused by multiple scattering at the subsurface
layer at the distance z

max
� l � from the medium boundary

[31] (l � is the photon transport free path in the medium).
The intensity of this maximum can exceed the incident
radiation intensity by a factor of 4 ë 6.

In the case of an optically homogeneous scattering
medium, the function H(z) can be calculated numerically
by the Monte-Carlo method [35, 36] from the known optical
parameters (absorption coefécient ma, scattering coefécient
ms, and anisotropy factor g), while at distances z > (2� 3)l �,
this function has the analytic form within the framework of
a simple diffusion model [37]. There are also more rigorous
solutions, for example, the P3 or P5 approximation in the
solution of the radiation transfer equation [32].

By approximating the leading edge of an OA pulse at
distances z > (2� 3)l � in a scattering medium by a theo-
retical dependence, the required optical parameters can be
reconstructed [31]. For example, the effective attenuation
coefécient meff � (3mam

0
s)
1=2 can be found from the expo-

nential approximation of the leading edge of the OA pulse.
The position of the maximum zmax � ÿtmaxV0 of the spatial
distribution of the light intensity can be also determined
only from the shape of the OA signal [31], i.e. without the
absolute calibration of a pressure gauge. As shown in [32],
the dependence of zmaxmeff on ma=meff in the range 0:05 <
ma=meff < 0:35, which is typical for biological media and
tissues, is universal and gives the empirical expression for
measuring the absorption coefécient from experimental
values of meff and zmax:

ma � ÿ0:074meff ln�1ÿ 3:62zmaxmeff�. (3)

Then, by using the expression m 0s � m 2
eff=(3ma), we can

calculate the reduced scattering coefécient m 0s in the
medium. Note that this method for measuring zmax and
meff from the temporal proéle of the OA signal can be used
only in the forward mode of OA signal detection.

Thus, the method for studying the spatial distribution of
the light intensity and determining optical coefécients in
homogeneous turbid media was proposed in [31, 32] and
tested in a model medium (suspension of titanium oxide
particles in water) and milk. In this paper, we used this
method for measurements in real biological media.

Opto-acoustic signals were excited by 10 ë 12-ns pulses
from a Q-switched 1064-nm Nd :YAG laser with a pulse
repetition rate of 2 Hz or 30-ns, 779-nm pulses from a
Ti : sapphire laser with a pulse repetition rate of 50 Hz. The
main part of radiation passed through a light scatterer and a
lens. This provided a nearly collimated beam with the
uniform intensity distribution over its cross section, which
ensured the one-dimensional geometry of measurements.
The laser beam diameter on the medium surface was about
3 cm. A cell with a medium under study was covered with a
silica glass. Opto-acoustic signals were detected with a
broadband nonresonance piezoelectric transducer operating
in the idling regime. A piezoelectric element was a poly-
vinyldenêuoride élm of thickness 110 mm glued on a
damping surface. The diameter of the piezoelectric element
was 8 mm. This provided almost uniform sensitivity in the
frequency range from 0.05 to 2 MHz equal to 845 mV Paÿ1

after éfty-fold ampliécation. The minimal pressure of
detected ultrasonic signals was several pascal and the

dynamic range of the entire receiving system exceeded
40 dB. The acoustic signal transformed by the piezoelectric
detector was recorded with a digital Tektronix TDS-220
oscilloscope.

Figures 2a and c show typical OA signals measured in
experiments. For example, the OA signal recorded in milk
has the bipolar shape, whereas, according to (1), it should
have the unipolar proéle. In reality, a broadband acoustic
signal propagating in a medium experiences the diffraction
transformation [34, 38]. Low frequencies are subjected to a
stronger transformation than higher frequencies, which
results in the distortion of the pulse shape. The effect of
diffraction distortions can be eliminated analytically by
using the expression [38]

p0�t� � pexp�t� � fd

� t

ÿ1
pexp�t�dt, (4)

where pexp(t) is the recorded signal; fd � 2V0L=r
2; r is the

laser-beam radius on the medium surface; and L is the
medium thickness. Another factor affecting the shape of the
recorded signal is the nonuniformity of the spectral
sensitivity of the detector at frequencies lower than 50 kHz.

In this paper, we reconstructed the initial shape of an
OA pulse excited in a medium by using the deconvolution
procedure, which consists in the following. Each time before
measurements in a scattering medium, the response of the
system to a signal from a strongly absorbing non-scattering
probe medium is recorded (the spectral amplitude of this
signal can be considered constant in the range from 0 to 2
MHz). In this case, excitation conditions, the acoustic
properties and thickness of the probe medium should be
the same as those for the scattering medium. Because factors
distorting the pulse proéle are `linear', their inêuence on the
probe-signal spectrum will be the same as that on the signal
spectrum in the scattering medium. Therefore, after the
deconvolution with the probe signal the inêuence of these
factors will be eliminated.

Figure 2b shows the reconstructed initial proéle of the
OA pulse in the scattering medium. The OA signal before
the deconvolution is shown in Fig. 2a. To obtain the probe
signal from a strongly absorbing medium, we used the
aqueous solution of black Indian ink. The absorption
coefécient ma in it measured from the leading edge of the
OA pulse was 320 cmÿ1. For comparison, the absorption
coefécient in milk at 1064 nm is 0.17 cmÿ1, which is more
than three orders of magnitude lower than ma in the black
Indian ink solution; correspondingly, the range of excited
ultrasonic frequencies is wider.

One can see from Figs 2a and b that the signal becomes
unipolar after the deconvolution procedure, the amplitude
ratio A2=A1 � 0:76 being coincident with the theoretical
coefécient of reêection of an ultrasonic wave from the
transparent medium ë scattering medium interface [see (1)].
Extinction coefécients meff determined from the approxima-
tion of the leading and trailing edges of the reconstructed
pulse coincide within the experimental error. The value
zmax � V0tmax � 0:052, determined from the signal proéle in
Fig. 2b, was used for the calculation of the absorption
coefécient by expression (3). The obtained value
ma � 0:17� 0:01 cmÿ1 well agrees with the results of our
previous paper [31]. This suggests that the reconstruction of
the OA signal proéle by the deconvolution method is
correct.
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Figures 2c and d show the OA signal proéles in porcine
liver (recorded and obtained after the deconvolution,
respectively) excited at a wavelength of 779 nm. One can
see that the pulse proéle is also reconstructed correctly.
Similarly, we measured and processed OA signals in bovine
liver and bovine muscle tissue excited at 779 and 1064 nm.
The results of calculations of the optical properties of media
studied in the paper are presented in Table 1.

An important characteristic of biological objects from
the point of view of their optical diagnostics is the spatial
distribution of the intensity of laser radiation intensity
penetrated into the medium. As mentioned above, the
leading edge of the OA signal repeats the spatial distribution
of heat release in the medium, which allows the measure-
ment of the local intensity distribution of laser radiation
over depth. Figure 3 demonstrates at the logarithmic scale
the spatial distributions of the laser radiation intensity in
different media, which were constructed by using the OA
signal proéles p0(t < 0) [see expression (2)]. The solid curves
are the exponential approximations of the data obtained by
the method of least squares.

3.2 Backward mode of OA signal detection

A substantial disadvantage of the forward mode of OA
signal detection is that it requires the two-side access to an
object under study. This makes the forward-mode detection
too complicated to apply in vivo in most cases. The
backward mode of OA signal detection is much more
convenient and promising [39], and we consider below the
possibility of its application for diagnostics of light
scattering in biological objects.

Figure 4 shows the backward mode of OA signal
detection. A collimated laser beam was directed from the
side to a beamsplitter cube, which changed its propagation
direction by 908. At the top the cube was in contact with a
medium under study and at the bottom with a wideband
piezoelectric transducer. The cube was made of two triangle
quartz prisms in optical contact, one of the touching
surfaces being covered with a thin metal layer. An OA
signal excited in the medium under study propagated
through this layer without reêection losses and then was
incident on a detector.

The absorption of the laser pulse in a sample is
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Figure 2. Typical temporal proéles of OA pulses recorded in milk (a) and porcine liver (b) and proéles of the corresponding reconstructed signals (b
and d) in the same media after the deconvolution procedure.

Table 1.

Medium

Forward mode Backward mode

ma
�
cmÿ1 m 0s

�
cmÿ1 meff

�
cmÿ1 ma

�
cmÿ1

1064 nm 779 nm 1064 nm 779 nm 1064 nm 779 nm 1064 nm 779 nm

Milk 0:17� 0:01 0:041� 0:002 17� 1 24� 1 2:90� 0:03 1:71� 0:03 ë ë

Porcine liver 0:17� 0:05 0:36� 0:04 5� 5 18� 2 2:8� 0:2 4:4� 0:3 0:14� 0:02 0:44� 0:07

Bovine liver 0:11� 0:02 0:63� 0:07 23� 3 16� 2 2:7� 0:2 5:5� 0:3 0:13� 0:02 0:55� 0:09

Bovine muscle
liver

0:15� 0:03 0:08� 0:01 12� 2 20� 3 2:3� 0:3 2:2� 0:2 0:15� 0:03 0:06� 0:01
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accompanied by the appearance of two identical acoustic
waves, the érst wave propagating inside the medium and the
second ë in the opposite direction [34]. The temporal proéle
of the OA signal propagating to the detector (can be
represented in the form

p0�t � tÿ z=V0� �
bV 2

0

2cp
maE0

0; t<0,
RacH�V0t�; t>0

�
(5)

by neglecting the inêuence of the laser-pulse duration and
pulsed transient characteristic of the detector.

Taking into account the laser pulse duration, the OA
signal proéle is determined by the convolution of (5) with
the time envelope of the laser pulse intensity and transient
response of the piezoelectric detector. If the acoustic signal
is recorded in the far-éeld diffraction zone, its temporal
proéle will correspond to the derivative of the shape of a
signal excited at the boundary z � 0 [34].

Figure 5 presents OA signals obtained for different
media in the backward mode. Measurements were per-
formed in the far-éeld wave zone, and the laser-beam
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Figure 3. In-depth laser êuence distributions (in arb. units) in milk (a), porcine liver (b), bovine liver (c), and bovine muscle tissue (d).
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Figure 4. Principal scheme of the backward mode of OA signal
detection.
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Figure 5. Typical OA signal proéles recorded with a piezoceramic
detector in milk ( 1 ), porcine liver ( 2 ), and bovine muscle tissue ( 3 ) in
the backward mode at 1064 nm.
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diameter on the medium surface was 4 mm. Therefore, the
width of a narrow positive peak in signals was determined
by the width of the transient response of the detector, while
its amplitude [according to (5)] was proportional to the
absorption coefécient of the medium.

Thus, by comparing the amplitude of the OA signal
excited in the medium under study with that of a signal
obtained from the medium with the known absorption
coefécient (for example, milk), we can determine the
unknown absorption coefécient.

The results of diagnostics of light absorption in bio-
logical tissues obtained using the backward mode aare listed
in Table 1.

4. Discussion

Let us now analyse in more detail the results obtained in the
paper. We have considered the two main schemes of OA
diagnostics of biological objects. Let us érst of all compare
them.

As shown in section 3.1, when the forward mode of OA
signal detection is used, the leading edge of a pressure pulse
repeats the in-depth distribution of laser êuence in the
medium. This is extremely important because it can be used
to estimate the optical homogeneity or inhomogeneity of an
object being studied and calculate optical coefécients
directly from the laser êuence distribution. Indeed, the
description of a medium with the help of a set of optical
coefécients is possible only when the medium is homoge-
neous, which is not always the case in real biological tissues.
Any optical inhomogeneity located within the medium can
introduce considerable errors in the calculation of volume ë
`averaged' optical coefécients.

The laser êuence distributions presented in Fig. 3 were
obtained for relatively homogeneous tissues. The laser
êuence distribution in milk away from the boundary
(Fig. 3a) has the universal exponential character. Note
that OA measurements were performed for different sam-
ples of each type of tissue over ten times. Figures 3b ë d
present the laser êuence distributions for samples of bovine
and porcine liver as well as bovine muscle tissue, these
tissues having the best homogeneity. However, some devia-
tions from the exponential approximation caused by the
inhomogeneity of biological tissues are observed. Optical
properties [light absorption, reduced scattering, and effec-
tive attenuation coefécients calculated from the in-depth
laser êuence distributions (see Table 1)] are the result of
statistical averaging over a set of more than ten samples.
Despite the considerable possibilities of the method for in
vitro diagnostics, the forward mode has substantial dis-
advantages. The basic disadvantage is the requirement of
the two-side access to the object. In addition, samples
should have a comparatively large thickness (�2 cm) to
avoid the piezoelectric detector exposure, and the sample
surface should be êat and plane ë parallel. As a result, this
method can be used for in vivo measurements only in special
cases.

As shown in section 3.2, the backward mode of OA pulse
detection permits measurements to be performed having just
one-sided accesses to samples. This measurement method is
much more convenient and can be used for in vivo
diagnostics. However, the direct measurement of the spatial
distribution of laser êuence in the case of the backward
mode of OA signal detection involves severe diféculties.

Unlike the forward mode, where the leading edge of the OA
signal repeats the spatial distribution of heat release [see
expression (2)], in this case, according to (5), information is
contained in the trailing edge of the pulse. However, the
pulse is subjected to a strong diffraction transformation
[34, 38], while the reconstruction of the undistorted proéle
with the help of the deconvolution with a signal from a
strongly absorbing medium does not give good results due
to a small amplitude of spectral components containing this
information. Nevertheless, the amplitude of an OA pulse
excited in a scattering medium and recorded in the far-éeld
diffraction zone is proportional to the absorption coefé-
cient. Therefore, it can be measured in strongly scattering
media by using the backward mode of the OA signal
detection.

The optical properties of biological tissues calculated
from our experimental data are presented in Table 1. Note
érst that the absorption coefécients of these tissues deter-
mined in different experimental geometries coincide within
the experimental error, thus conérming the adequacy of the
obtained results.

The absorption coefécient of the biological tissues at the
Nd :YAG laser wavelength (1064 nm) proved to be close to
the absorption coefécient of water. It seems that the
differences in their values are related to the percentage
of water in these tissues. Indeed, the absorption spectrum of
a biological medium can be calculated from a linear
combination of the spectra of its components: fats, proteins,
blood, and water [19, 20, 22]. Proteins almost do not absorb
light in the visible and near-IR regions [19]. The neglect of
the absorption of light by fat tissue in calculations can lead
to errors; however, the main absorbers in biological media
are water and blood. Their percentage in a biological tissue
mainly determines the absorption of light in it.

The situation is somewhat different at a wavelength of
779 nm: absorption in liver drastically increases, whereas in
milk and bovine meat it decreases almost by a factor of
three. Indeed, the muscle tissue is saturated with water,
whereas the absorption of light by fat tissue at this wave-
length is minimal [19]. Therefore, the absorption of light in
muscle tissue as in milk is determined by the properties of
water. On the contrary, bovine and porcine liver are
saturated with blood. The absorption spectrum of deoxy-
genated blood has a local maximum near 779 nm [19], which
mainly determines a drastic increase of absorption in liver.

The penetration depth of light into a medium is
determined not only by absorption but also by scattering.
The scattering coefécient depends on the sizes of particles,
their shape and concentration in the medium. As the
wavelength is increased, the scattering eféciency decreases.
It was shown in [19, 20, 39, 40] that the scattering spectra of
human biological tissues can be approximated by the
empirical dependence

m 0s � alÿb, (6)

where a and b are constants and 0:5 < b < 1:8. The range
of variation in the reduced scattering coefécient 6 < m 0s <
20 cmÿ1 changes weakly when the wavelength is decreased
from 1064 to 779 nm. Our measurements give similar
results.

Note that absorption coefécients of the bovine muscle
tissue calculated in our paper coincide within the error with
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the data obtained in [19] for the human muscle tissue. In this
case, absorption at 1064 nm was also almost twice as large
as that at 779 nm. It is difécult to compare absorption
coefécients in liver with data reported in the literature
because liver is strongly saturated with blood and the results
of measurements will depend on the sample preparation
procedure. For example, the absorption coefécient of
porcine liver at 1064 nm measured in [41] is 0.1 cmÿ1,
whereas according to [42], it is equal to 2 cmÿ1.

One of the important questions in problems of the
optical and OA tomography of biological media is the
choice of the laser radiation wavelength. On the one hand,
light should deeply penetrate into a medium, and on the
other, the difference in light absorption by healthy and
diseased tissues should be maximal. Our measurements have
conérmed once more that the wavelength range between 750
and 800 nm is probably optimal for solving the problems of
tomography.

5. Conclusions

We have performed OA in vitro measurements of the in-
depth distribution of laser êuence in various biological
media: milk, bovine and porcine liver, and bovine muscle
tissue. Experiments were carried out by using a 1064-nm
Nd :YAG laser and a Ti : sapphire laser emitting at 779 nm.
Two geometries for excitation and recording OA signals
were considered. It was shown that the forward mode of
OA signal detection yields a complete set of the optical
properties of biological tissues and allows the diagnostics of
the degree of their homogeneity. The backward mode of
OA signal detection permits the measurement of the
absorption coefécient only; however, this scheme is much
more convenient and suitable for in vivo diagnostics of
biological objects. The experimental results obtained in the
paper demonstrate the applicability of the OA method for
measuring laser êuence distributions in biological media
and determining their optical properties.
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