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Intensity profiles of linearly polarized light backscattered
from skin and tissue-like phantoms
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1 Introduction lyze tissue structure noninvasivély® The development of

There is a significant interest in medicine and biology to de- digital cameras has created new possibilities for video
fine tissue layer thicknesses and to observe changes in tissuéeflectometry, polarimetry? and polarized photography to
fiber orientationin vivo. Diseases such as graft versus host Map the structural characteristics of tis$deSuch cameras
diseasgGVHD) and systemic sclerosis and treatment proce- With increased dynamic rang@2 bits and moremay be par-
dures such as ionizing radiation for cancer treatment can ini- ticularly useful in the measurement of 2-D intensity distribu-
tiate keloid formation and skin fibrosis, characterized histo- tions, which result from a light beam being diffusively trans-
logically by a drastic modification of the collagen bundles. mitted through or reflected from a turbid media.

Fibrosis is caused by a change in the collagen or other fiber ~The influence of relative orientations of collagen film
structure as a result of the skin being exposed to x-ray samples and polarization analyzers on the angular distribution
irradiation! These structure modifications are related to the of linearly polarized light, transmitted through this film, has
transition from normal to pathologic tissue. Different physical been analyzed previousiyin an earlier study® it was shown
modalities based on absorption and/or scattering of electro-both theoretically and experimentally that the anisotropy of
magnetic, acoustic, or thermal waves have been used to anascattered light is sensitive to fibd€rod) orientation, fiber
thickness, and the spatial periodicity of the sample structure.

'A. Eidsath passed away before the paper submission. Simple mathematical models of polarization rotation by rods
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were used to qualitatively describe observed intensity F P1 Ph a2 Sample
9,11

profilesS H
Recent studies have shown that observed deviations of the l::' O —H - |_-2 —/“

intensity distributions of scattered light from the circular sym-

metry can be related to the orientation of tissue fid&es)- (%'ggiﬁ?er L1 ~
abling the preferential orientation of tissue fibers to be deter- \>§ a4
mined. One may expect that these deviations from the <A<( P2
symmetry of backscattering patterns can be related to the Camera /

asymmetrical orientation of scattering elements of the media.

In parthUIar’ collagen _flb_eI’S and their _bunqles In_SIde Skln are Fig. 1 Schematic of the experimental setup: F, neutral filters; P1 and

believed to produce similar asymmetrical intensity profiles.  pa polarizers; Ph, pinhole; L1 and L2, lenses; A/2, half-wave plate;
For example, ellipticities of spatially resolved intensity and M4, quarter-wave plate.

profiles, resulting from the forward scattering of light, have

been correlated with fiber orientation of normal and scarred

skin in histological sampleS. The polarization structure of To substantiate the approach, two types of tissuelike phan-
backscattered |Ight reveals similar asymmetric features thattoms with well-defined anisotropy properties were mma"y in-
result from the preferential orientation of tissue fibers. The vestigated. A delrin slab was used as a sample of optically
issue of photon migration in anisotropic media has attracted jsotropic media, while demineralized bone with known pref-
special interest recently with regard to possible applications in erential orientation of collagen fibers was used as an example
brain imaging. Conventional diffusion approximation has of optically anisotropic media. This preliminary study showed
been generalized for this case by Heino et'aln the other  the ability of spatial intensity profile analysis to characterize
hand, Dagdug et df. modified the standard random walk the anisotropic optical properties of tissue, and consequently
theory for infinite semispace/slab geometries by using an an-the extent of tissue fiber orientation. Finally, the anisotropy of

isotropic scattering coefficient with one of the major axes par- mouse and human skin was investigaiadvivo using the
allel to the surface. In this paper, the ellipticity of the equi- equi-intensity profile method.

intensity profiles was predicted. It was characterized by an
eccentricity factor proportional to the inverse ratio of the .
square roots of the scattering coefficients. This technique can2 Materials and Methods
also be effective when analyzing the distribution of light The design of the experimental setup is shown in Fig. 1. A
backscattered from media such as skin. diode laser, emitting at a wavelength of 650 nm, was chosen
The purpose of this paper is to use the spatially resolved to provide sufficient depth penetration of light into the
intensity profiles of different polarization states of incident sample. For all used tissuelike phantoms and skin, such light
and detected backscattered light to quantify the degree ofpenetration(more than several mean scattering lengths, i.e.,
structural anisotropy of the skin. The methodology used to several millimeterswas achieved because their absorption at
assess the tissue anisotropy is based on pencil-beam illuminathis wavelength is much smaller than the scattering.
tion of the region of interest, combined with area detection. =~ The probe beam was directed in the horizontal plane and
This illumination geometry provides several important advan- passed through the spatial filter consisting of two leritds
tages compared to a more commonly used scheme involvingand L2 and a pinholgPh) of 20 um diameter. The pinhole
area illumination from an expanded laser beam, covering the was imaged by L2 on the sample surface with a magnification
whole image regionsee e.g., Jacques et®al.First, in the of 1.5, giving a small 3Qwm-diameter spot. Neutral filte(§)
case of the focused incident light, the backscattered light may of various optical densities were used to attenuate the laser
quantitatively probe the structure of deeper tissue layers be-light. One polarizefP1) was used to provide the linear polar-
cause an effective penetration depth of the photons is deter-ization of the probe beam. By rotating the half-wave plate
mined by the separation between the photon entry point and(\/2), the orientation of the polarization of the incident beam
detector(see e.g., Gandjbakhche and W&ssHowever, for was turned with respect to the axis of the probe beam.
the area illumination, the detected signal at each pixel is  To exclude specular reflection from the sample surface to
dominated by photons with entry points in the vicinity of each sensitive elements of the camera, the surface of the sample
pixel, i.e., light, backscattered from the superficial layer of the was rotated around the vertical axift ~20 deg relative to
sample. In addition, using a point light source can also reduce the direction of the probe beanwhile the optical axis of the
the pixel crosstalk, which is related to light scattering and has camera objective was oriented normally to the sample surface.
a detrimental effect on the image quality in the conventional This arrangement created, in principle, a slight asymmetry
schemé To avoid misunderstanding, note that the final goal between the horizontal and vertical directions with respect to
is not to image the region of interest with the broad laser the probe beam and camera objective axis. However, for vari-
beam, as usually discussed in the literature. Instead, a meth-ous polarization states of the probe beam, preliminary studies
odology was developed to quantify the anisotropy of the have shown no significant difference in asymmetry of diffu-
sample from polarization measurements with pointlike illumi- sively backscattered light resulting from the sample tilt. The
nation. Although, in fact, the model provides spatial “im- slight deviation from the circular symmetry of the intensity
pulse” response function of tissues, at the current stage thereprofiles for the isotropic delrin sampl@ccentricity ~0.96),
are no plans to expand it to the area illumination setup be- observed far from the photon entry poiisee Table Lcan be
cause of the problems with the latter methodology already explained by the insufficient accuracy of our measurements of
mentioned. this parametefm.s. error~5 to 899. At the current stage, it is
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Table 1 Comparison of the ratio of semimajor axis lengths of equi-
intensity ellipses in the far zone with the ratio of the square root of the
slopes of appropriate dependence In[FI(n] as a function of r.

Sample (la/1p) 2 Mool 1o b
Delrin 0.96 0.98
Demineralized bone 0.29 0.36
Human skin 0.64 0.67
Mouse skin 0.95 0.91

not possible to estimate the real tilt contribution to the profile
asymmetry. The analyz€iP2 with a horizontally oriented

transmission axis was located in front of the camera objective.

The polarization vector of the incident beam was oriented
either vertically to provide cross-polarizétt,) or horizon-
tally for copolarized(H;) detection. A quarter-wave plate
(\4) was placed in front of the analyzer such that the refer-
ence axis was oriented horizontally, enabling transformation

forearm skinin vivo. The Delrin sample was a disk of 10 mm
thickness and 30 mm diameter. Delrin microstructure is
known to be randomly oriented linear polymer molecules.
Samples of demineralized bone were prepared from the tube
bones of fresh chicken legs after a treatment with 0.5 M
EDTA (pH 8.0 for 30 days at 4°C to remove the hydroxya-
patite. The demineralized bone was 1.2 to 1.5 mm thick, had
lateral dimensions of 1825 mm, and consisted mainly of
bone collagen having a preferential orientation along the lon-
gitudinal axis of the bone, as seen in the cross-polarized
modes of the polarized microscopy.

Skin from the volar region of the forearm from normal
human volunteers as well as skin from C3H/Hen mice was
studied. The hairs on the mouse flanks were removed by
plucking. Before the hair was removed and optical measure-
ments were recorded, the mice were anaesthetized by an in-
traperitoneal injection of ketamind00 mg/kg and xylazine
(10 mg/ka.

3 Results and Discussion
The raw data were analyzed and are being presented using

of the diagonal components of the linearly polarized scattered several different methods. First, the variation of the equi-

light into circular states that were nonspecific to the analyzer.
This setup is known to be especially important when diago-
nally oriented four-leaf or fourfold cross-polarized patterns
originate from a random distribution of surface and bulk non-
homogeneities of the samplépr even from a weakly scat-
tered uniform medium® The presence of the quarter-wave

intensity profiles of the backscattered light was considered as
a function of the distance from the photon injection point. In
addition, the anisotropy of intensity-distance dependences
was analyzed wherein the attenuation in the rates of backscat-
tered light intensities along major axes were compared. Spe-
cial attention was paid to the influence of the initial polariza-

plate also enabled measurement of the Stokes parameters dfion state of light on the evolution of the equi-intensity

backscattered light, when necessary.
To measure the intensity distributions, a digital camera

profiles with the distance. The measurements showed qualita-
tively different behaviors for two limiting cases. The first was

[Canon, EOS D30, with maximum objective of 2.8 numerical the near zone, corresponding to relatively small separations
aperture(NA) and a 0.31-m focal lengitwas used. Calibra- <1.5 to 2.5 mm between the entry and exit points of the
tion of the camera response for focused and wide beams waghotons, where photons underwent only a few scattering
performed using a set of neutral filters. The camera responseevents in the medium before detection. The second was the far
proved to be practically linear over the broad range of inten- zone, corresponding to large distances of separation from the
sities. This enabled regions of very loithose far from the focal point(compared to scattering lengtivherein almost all
focal poiny or very high(those close to the focal poinin- backscattered photons experienced multiple scattering events.
tensities, where the SNR was not acceptable for precise mea+or this reason, a diffusion-like model was used to describe
surement, to be excluded from the analysis by placing satura-photon migration in the far zone.
tion restrictions on the matrix detectors. The equi-intensity ~ As expected, for the isotropic mediufdelrin), the equi-
profiles were mapped as a set of CCD matrix pixels corre- intensity profiles of backscattered light were very close to
sponding to a chosen intensity level. Given that the distance circles for both analyzer-polarizer configurations and for the
between neighboring pixels in the CCD matrix corresponded entire range of distances from the input point of the probe
to 0.02 mm on the sample surface, the pixel coordinates of thebeam[Figs. 2a) and 2b)]. For the anisotropic mediurde-
CCD matrix were transformed into real dimensions of inten- mineralized bong the equi-intensity profiles had a pro-
sity patterns. Thereafter, the experimental points were fitted nounced oval shape well fit by ellipsgSigs. 3a) and 3b)].
with an ellipse (minimizing the deviation sums of squares These profiles depended strongly on the distance from the
from the ellipse and the experimental pojnt3wo coordi- entry point and the state of polarization of the incident light.
nates of the ellipse center, two semiaxis lengths and the azi-Figures 4a) and 4b) quantitatively illustrate the ratio of the
muth angle between the horizontal axis in the laboratory co- ellipse semiaxegeccentricity factoras a function of the hori-
ordinate system, and the closest axis of the ellipse were usedzontal semiaxis length that corresponds to the profiles of Figs.
as fitting parameters. The ellipse axis that least inclined to the 2 and 3. The eccentricity factor for delrin is close to one for
horizontal axis in the laboratory Cartesian system is deemedthe entire range of horizontal semiaxis lengths. For the de-
the horizontal in the following textangle # between these = mineralized bone, the shapes of the equi-intensity profiles
axes was in the range of n/4<6<m/4). The experiments  proved to be quantitatively and qualitatively different in the
demonstrated tha? was dependent on the length of the hori- near and far zones of the medium interface. In the near zone
zontal semiaxis of the ellipsghe intensity level (<1.8 mm distance from the entry pointhe backscattered
Experiments were performed with samples of white Delrin light preserved memory about the polarization state of the
resin, demineralized bone, mouse sknvivo, and human probe beam that appeared, as a difference of eccentricity fac-
014012-3
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Fig. 2 Equi-intensity profiles of pencillike probe beam diffusively re-
flected from delrin slab and their elliptical fits for (a) H, and (b) H,,
configurations of analyzer-polarizer, respectively.
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Fig. 3 Equi-intensity profiles of the pencillike probe beam diffusively
reflected from the sample of demineralized bone and their elliptical
fits. The collagen fibers of the sample were assembled vertically for (a)
H, and (b) H), configurations of analyzer-polarizer, respectively.

January/February 2005 « Vol. 10(1)



Intensity profiles of linearly polarized light . . .

penetration depth of the photons and source-detector separa-
1.8 (@) tion were recently discussé®l.The near-zone photons carry
o information mostly about the structure of a superficial layer of
3 1.6 e -H thickness of approximately one to two scattering lengths,
£ A -H while the data from the far zone provide important informa-
% 1,4 ! tion about the anisotropy of the deeper layers of the medium.
- The main features of the behavior of the intensity profiles
2 1,24 for anisotropic media clearly appeared for human forearm
x skin [Figs. 5a) and 3b)]. A similar study with mouse skin
g 104 4 At e . [Figs. @a) and @b)] showed that its anisotropic factor is
2 i., much less in comparison with human skin.
€ 0.8 Both the model of light diffusioff and random walk
g theory?! for semi-infinite turbid media predict the following
T asymptotic relationship between the logarithm of intensity
0,6 . . .
[(r) measured with detectors of small apertupexel size
0 1 > 3 4 5 and scattering and absorption coefficients of the media:
Horizontal semi-axis, mm
IN[r21(r) o (3pans) 4, 1)
% e (b) v.vhere,u;f Ms(l—g) isa transport-cprrected scattgring coef-
£ 1,64 ficient (g is the anisotropy factor w, is the absorption coef-
& ficient, andr is the distance between the entry point of the
g 1,41 . pencillike probe beam and the exdtetection point. Note that
g e -H, the expressiof3u.ul) Y2 is defined as the attenuation co-
2 1,24 A ~Hy efficient we. TO avoid misunderstanding, noted that, while
; for the random walk mod&l unambiguously reg
g 1.0 ¢ =(Buaul) Y2 there is some discrepancy in the literature
g - a about an exact expression for the attenuation coeffigigat
§ ’ P in the diffusion model. This is related, in fact, to different
8 B A Ao ae .o definitions of the diffusion coefficienD used by different
’ researchers. In the diffusion modeLs=(u,/D)% whereD
08 12 16 20 24 28 is determined either & =[3(u.+ ua)] * (see, e.g., Patter-

Horizontal semi-axis, mm

son et af? and Farrell et af®) or D=(3u.) ! (i.e., D does
not depend on the absorption coefficiefit 2° Strictly speak-

Fig. 4 Eccentricities of equi-intensity ellipses as a function of distance

from the entry point for (a) delrin and (b) demineralized bone. ing, the diffusion approximation is valid only jf < :U’; . For

this reason, the difference between the two expressiond for

should be negligible.
tors forH, andH, mutual orientation of analyzer and polar- A larger ueg results in a steeper rate of decrease of back-
izer. In the far zone, the detected photons lost their initial scattered light intensity with the distanceEquation(1) was
polarization due to multiple scattering events. The shapes of originally derived for the case of isotropic scattering struc-
the profiles(i.e., eccentricities become independent of the tures. It results in circular equi-intensity profiles. In the case
initial conditions and distances traveled, but show sensitivity Of anisotropic scattering structures with directionality parallel
to the anisotropic structure of the medidmExperimental ~ to the medium interface, the random walk model provides
data[Figs. 3a) and 3b)] obtained from samples with priori intensity-distance dependencies, qualitatively sirtiles Eq.
knowledge of fiber direction, proved that equi-intensity el- (1). However, the length=(3u,us) Y2 characterizing the
lipses in the far zone were elongated in the direction of the rate of intensity decrease with the distance in the diffusion
collagen fibers. On the contrary, in the near zone, the equi- mode, becomes dependent on the direction over the exit inter-
intensity ellipses tended to be elongated perpendicular to theface, in accordance with variation of the effective scattering
fibers, due to a higher scattering coefficient in this direction. coefficient along the major axes. Anisotropy of the absorption
Such behavior implies a 90-deg turn of the major axis of the coefficient u, is usually negligible when compared to the
equi-intensity ellipses, corresponding to a transition from anisotropy of the scattering coefficient,, which originates
small to large distances. The magnitude of the observed from the tissue structure. In this case, the lower probability of
eccentricities of these ellipses depends strongly on the dis-scattering in the direction parallel to the fiber axis than in the
tancer in the near zone. Kienle et Hl.previously observed  perpendicular directici makes the equi-intensity profiles el-
experimentally and modeled theoretically similar effects for liptical (with the major semiaxis parallel to the direction of
anisotropic dentin. the fiberg rather than circular.

The majority of the photons backscattered from the near At the same time, dependencieslofr?l(r)] on distance
zone underwent far fewer scattering events in comparison are expected to be linear in the diffusion mode of photon
with the photons from the far zone. Consequently, they can be migration, forr>r .,,. Here,r ., is a characteristic distance
characterized by the different mean path and depth of the of transition from the near zone of photon migrati@uasi-
migration inside tissue. The relationship between an effective ballistic photongto the far zonéphoton diffusion. Slopes of
014012-5
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Fig. 5 Typical equi-intensity profiles, originating from a pencillike
probe beam, diffusively reflected from human forearm skin in vivo

and their elliptical fits for (a) H, and (b) H,, configurations of analyzer-
polarizer, respectively.
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Fig. 6 Typical equi-intensity profiles, originating from a pencillike
probe beam diffusively reflected from mouse flank skin in vivo and

their elliptical fits for (a) H, and (b) H, configurations of analyzer-
polarizer, respectively.
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Fig. 8 Eccentricities of equi-intensity ellipses as a function of distance

from the entry point for (a) human skin and (b) mouse skin.
Fig. 7 The dependence In[2/(n)] for (a) demineralized bone and (b)

human forearm skin, measured along the main axes of the external
ellipse. Mean slopes of linear fits are shown for both vertical and
horizontal axes. (uialpin)™? where ul, and pul, are reduced scattering
coefficients along mutually perpendicular optical axeand

b, oriented parallel to sample surface. Intensities of the back-
Ecattered light taken along the major axes of external equi-
intensity ellipses are shown in Figs. 3 and 5. The ratio of the
characteristic lengths, obtained from these intensity distribu-
tions, can be used to estimate the ratio of scattering coeffi-
cients in the directions parallel and perpendicular to the

fiberst®

these linear dependencies are proportional to the square roo
of the scattering coefficient in the given direction. Our experi-
mental results clearly demonstrate a linearitymjf?l(r)], as a
function ofr in the broad range of distancas;r ,,, where
0.6 mm<r ;;,<0.8 mm. Corresponding data for demineral-
ized bone and human forearm skin, measured inHheon-
figuration, are plotted in Figs.(& and db) respectively.
Note that Bonner et &f. showed that the random walk / (I1,)~2 )
formula used to derive the asymptotic Ed) holds up for Hsal tsp=
very small separations between the source and detéctgy Table 1 shows the ratio of,/l, obtained from equi-
~0.6 mn) in the case of light backscattered from human skin. intensity ellipse measurements and./u¢,, obtained as the
Elongations of the equi-intensity profiles in the direction of square root of the slope of the functldm[rzl(r)] onr. The
collagen fibers for relatively large separations can also pro- results show agreement between the two methods used. Thus,
vide estimates of scattering anisotropy. Dagdug &t ae- from observed asymptotic values of these eccentridifégs.
cently showed that in the diffusion mode of photon migration, 4(b) and &a)] the following estimates of the scattering anisot-
the eccentricity of the equi-intensity ellipse was equal to ropy were obtained. The values pf; ./u , were approxi-
014012-7
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Fig. 9 Depolarization of initially linearly polarized light with distance
from the entry point (light is diffusively reflected by mouse skin).

mately 0.36 and 0.67 for demineralized bone and human skin,
respectively. These values agree reasonably (@eibr<20%)
with the results found from axial intensity distributions. Note

rations, respectively. For comparison, an intensity distribution
is also presented in the same figure. Data points in the close
vicinity of the entry point were excluded from the analysis of
degree of polarization due to nonlinearityaturation of the
light intensity measurements. At large distances from the en-
try point, the measured degree of polarization became too
noisy and was also excluded from the analysis. Note that
backscattered light intensity decreases much more rapidly
with r than the degree of polarization. As seen in Fig. 9, the
observed degree of polarization decreased from about 0.6 at a
distance of~0.2 mm to the noise level at a distance-e1.0
mm. An alternative method of polarization estimates, based
on the measurements of the Stokes parameters, was also ap-
plied (the data not presented hgrélo noticeable difference
in the obtained degree of polarization was found when com-
pared to results obtained from the previously described
method. This is to be expected, if the circularly polarized
component of the radiation is negligible. Under experimental
conditions this component could possibly result from an ini-
tially linearly polarized light due to light scattering in the
medium.

Assuming that the total number of scattering events does
not depend on fiber orientation, then the polarization degree
of any initially polarized beam decreases quickly with

that the eccentricities method to estimate scattering anisotropydistance®®—° Note, however, that the relative orientation of

is likely to be more accurate because it is based on a self-
consistent anisotropic model of the photon migration, while
the method using analysis of the slopes of intensity distribu-
tions is just an extrapolation of the isotropic model of the
photon migration. That is why the discrepancies between the
results of two methods are expected to be maximal for media
with the higher scattering anisotropfi.e., demineralized
bone.

Scattering anisotropy of the mouse skin proved to be con-
siderably smalle{ug ./ us,~0.97) than for the human skin,

the fibers and initial polarization vector of the incident light
can contribute to the polarization degree of backscattered
light. For example, it is well known that even initially nonpo-
larized light acquires some polarization due to scattering by
the fibers when the polarization vector is parallel to the fibers
axes?53! Correspondingly, incident light, polarized along fi-
ber assembly, is expected to preserve its polarization state
over longer distances than light polarized perpendicularly to
the fibers. The former polarization was actually realized in our
experiments on demineralized bone, where the directionality

likely because the mouse skin was less pronouncedly an an-of fibers was knowre priori. The preservation of relatively

isotropic structure with shorter lengths of the corresponding large characteristic distances of polarization for bone and hu-
fibers/bundles and/or lesser degree of their alignment. Also, man skin(1.5 to 2.5 mm seemed to exceed values expected
normal human skin is much thicker than mouse skin and more just from the diffuse migration of photons. This may be ex-

highly structured initially as confirmed also by our measure- plained either by the already mentioned additional polariza-

ments[Figs. §a) and &b)]. For the Delrin experiments, as
expected, practically no anisotropy was observed.
Figures 4b), 8(a), and 8b) show these magnitudes for

demineralized bone, human skin, and mouse skin, respec-

tively. A strong dependence of the eccentricities on the rela-
tive configuration of the analyzer-polarizer pair is also ob-

tion in the direction of fibers which originates from light scat-
tering or possibly as a result of some waveguide efféttst
can result in a fraction of photons to remain close to the
surface due to multiple internal reflections, while migrating
over long distances.

Note that subtracting the data obtained in Hhe configu-

served at these distances. In particular, at small separationgation from theH, data was suggested recently to adjust sen-

(r<1 mm) the eccentricities are much higher for tHg con-
figuration than for thed, configuration. However, for thel,,
configuration, they decrease much more rapidly with increas-
ing r. At distances larger than some characteristic distapce
both geometries result in practically the same eccentricities.
This finding means that the influence of the initial state of
polarization of the incident light on equi-intensity profiles is

sitivity of the imaging to different depttfsand in particular,

to characterize skin pathologies by distinguishing superficially
scattered light from diffuse light that has undergone many
scatterings before detectidh.

preserved up to this distance. For analyzed samples of dem-4 Conclusions

ineralized bone and skim, varies between about 1.0 to 2.5
mm.

Depolarization of the backscattered light, estimated as the
ratio of (I a1 ped/(Ipart Iped. is illustrated in Fig. 9 as a
function of the distance from the beam entry point. Here,
intensitiesl p, and | ¢, correspond to thél, andH, configu-
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The equi-intensity profiles of pencillike probe light diffusively

reflected from skin and tissuelike phantoms are well fitted by
ellipses. The orientation of the semimajor axis of the equi-
intensity profile has a tendency to be perpendicular to the fiber
orientation close to the entry point of the probe beam, while at
larger distances the equi-intensity profile becomes parallel to

8 January/February 2005 * Vol. 10(1)
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the fibers. The eccentricity of the equi-intensity profiles in the 14. J. Heino, S. Arridge, J. Sikora, and E. Somersalo, “Anisotropic ef-

far zone increases with the fiber alignment degrees.
In the near zondclose to the entry point of the probe

beam, the equi-intensity profiles depend on the mutual orien-
tation of the sample, polarization vector of the incident beam, 16.
and the transmission axis of the analyzer relative to the direc-
tion of view. The eccentricity of the equi-intensity ellipses for

copolarized and cross-polarized configurations depends on the

extent of fiber alignment in the sample.
Monitoring the equi-intensity profiles of a pencillike polar-

ized beam, backscattered from the skin, can be a promising

15

18.

tool for characterizing fibrotic diseases that, in its turn, may 19

provide a means for safer radiation treatment.
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