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Abstract
Polarization-sensitive second harmonic generation (SHG) microscopy is an established imaging technique able to
provide information related to specific molecular structures including collagen. In this investigation, polarization-
sensitive SHG microscopy was used to investigate changes in the collagen ultrastructure between histopathology slides
of normal and diseased human thyroid tissues including follicular nodular disease, Grave’s disease, follicular variant of
papillary thyroid carcinoma, classical papillary thyroid carcinoma, insular or poorly differentiated carcinoma, and
anaplastic or undifferentiated carcinoma ex vivo. The second-order nonlinear optical susceptibility tensor component
ratios, χ(2)zzz′/χ

(2)
zxx′ and χ(2)xyz′/χ

(2)
zxx′, were obtained, where χ(2)zzz′/χ

(2)
zxx′ is a structural parameter and χ(2)xyz′/χ

(2)
zxx′ is a

measure of the chirality of the collagen fibers. Furthermore, the degree of linear polarization (DOLP) of the SHG signal
was measured. A statistically significant increase in χ(2)zzz′/χ

(2)
zxx′ values for all the diseased tissues except insular

carcinoma and a statistically significant decrease in DOLP for all the diseased tissues were observed compared to normal
thyroid. This finding indicates a higher ultrastructural disorder in diseased collagen and provides an innovative approach
to discriminate between normal and diseased thyroid tissues that is complementary to standard histopathology.

Introduction

Thyroid cancers are the most common malignancy of the
endocrine organs [1]. Papillary thyroid carcinoma is the most
prevalent form, accounting for 85–90% of all thyroid cancer
cases, while follicular thyroid carcinoma accounts for <10%
[2, 3]. Both papillary and follicular thyroid carcinoma can
spread to lymph nodes in the neck, but the latter is more likely
to spread to distant organs such as the lungs and bones. Both

papillary and follicular thyroid carcinomas are well-
differentiated carcinomas composed of follicular epithelial
cells, but their architecture is different. Well-differentiated
thyroid carcinomas can be treated successfully if diagnosed
early [4]. However, poorly differentiated and undifferentiated
carcinomas have poor prognosis [5]. Although poorly differ-
entiated insular and anaplastic carcinomas account for only
<1–10% of thyroid cancer cases, they have more aggressive
clinical behavior [6, 7]: the 10-year survival rates for patients
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with insular and anaplastic carcinomas are 42% and 3%,
respectively [8], but are 92% (Lorentz et al. 1994) and 80%
(Lo et al. 1995) for papillary and follicular carcinomas,
respectively.

Thyroid cancer diagnosis is typically confirmed by
pathologists using stained biopsy or surgical resection tissue
sections under bright-field microscopy. However, this is
challenging and there is considerable intra- and inter-
observer variability [9–11], but it is important to distinguish
between the various carcinomas, since they are treated
differently. Hence, additional information to aid diagnostic
accuracy is required. During cancer initiation and progres-
sion, the extracellular matrix (ECM) is often deregulated
and becomes disorganized. Thus, disease specificity and
cancer diagnosis can be improved by identifying and
quantifying this disorganization. This can be achieved by
second harmonic generation (SHG) microscopy, since col-
lagen, a non-centrosymmetric molecule that is the most
abundant protein in the ECM, generates strong SHG signals
without staining [12], allowing its density and spatial dis-
tribution to be imaged with little background signal.
Quantitative results for automated pathology have been
obtained from texture analysis of SHG intensity images of
collagen in the ECM to distinguish between normal and
diseased tissues including liver fibrosis [13, 14], human
dermal disease [15], colon cancer [16], ovarian cancer [17],
breast cancer [18], prostate cancer [19, 20], and malignant
thyroid nodules [21] to name a few. However, these tech-
niques are based on the macrostructural arrangement of
collagen within the sample, and hence are sensitive once
sufficiently large sample regions begin to show changes.

Additional collagen information can be extracted by using
polarization-sensitive measurements, which reveal ultra-
structural details of collagen in single laser focal volumes
[22–31]. In the past decade, differences in collagen structure
within normal and tumor tissues have been observed using
polarization-sensitive SHG microscopy in several human tis-
sues, including normal and malignant breast tissue [32–34],
ovarian cancer [35, 36], colon cancer [37], non-small cell lung
carcinoma [12], squamous‐cell carcinoma [38], pancreatic
ductal adenocarcinoma [39, 40] and well-differentiated thyr-
oid carcinoma [41].

In this study, the polarization-sensitive SHG microscopy
technique was used to investigate the difference in collagen
structure polarization parameters between normal thyroid,
benign disease, well-differentiated, poorly differentiated and
undifferentiated thyroid carcinomas. The diseased tissues
included: follicular nodular disease (FND, benign focal pro-
liferation of the follicular epithelium), Grave’s disease (benign
diffuse hyperplasia), follicular variant of papillary thyroid car-
cinoma (FVPTC), classical papillary thyroid carcinoma
(cPTC), insular or poorly differentiated carcinoma, and ana-
plastic or undifferentiated carcinoma. Several collagen structure

polarization parameters were extracted, including χ(2)zzz′/χ
(2)

zxx′,
χ(2)xyz′/χ

(2)
zxx′ and the degree of linear polarization (DOLP) of

the SHG. The χ(2)zzz′/χ
(2)

zxx′ value is related to the distribution of
collagen fibers within a focal volume, while the χ(2)xyz′/χ

(2)
zxx′

value is related to the chiral structure of collagen fibers within a
focal volume, and both parameters are sensitive to the out-of-
image-plane tilt angle. The DOLP is related to the disorder of
collagen fibers within a focal volume. Significant differences in
the mean χ(2)zzz′/χ

(2)
zxx′ and DOLP values were found between

normal and most diseased tissues, suggesting a novel strategy
to discriminate between normal and diseased tissues that is
complementary to standard histopathology.

Materials and methods

Histology sample preparation

Normal and diseased histological sections of thyroid tissue
were obtained according to an institutionally approved
protocol (University Health Network, Toronto, Canada).
Tissue sections of 5 μm thickness were cut from formalin-
fixed, paraffin-embedded tissue blocks, mounted on glass
slides and stained with hematoxylin and eosin (H&E). The
staining was required so that the standard diagnosis could
be performed by a pathologist to direct our imaging to
regions of tissue with presence or absence of disease. The
slides were imaged using a whole-slide scanner (ScanScope
XT: Leica Biosystems, Germany) at 20× magnification.

In the resulting high-resolution bright-field microscopy
images, the tissue architecture and cytology of cells were
assessed by an expert pathologist (SLA). Subsequently, 110
μm× 110 μm regions of interest in each slide were scanned
using polarization-in, polarization-out (PIPO) SHG micro-
scopy [42]. Typically, 5–16 specimens were chosen for each
condition (normal, FND, Graves’, FVPTC, cPTC, insular, and
anaplastic) by the pathologist SLA. For each specimen, sample
regions that were clearly diagnosable were chosen for SHG
analysis, and typically 1–8 were found in each specimen. Only
fits with goodness of fit R2 > 0.8 were used for subsequent
analysis, hence the following number of scan regions per
specimen were used: for normal thyroid tissue, five specimens
were imaged. The number of areas imaged within the five
specimens was: 8, 3, 2, 2, 1, respectively. For specimens with
FND lesions we imaged ten specimens, the number of areas
imaged within the ten specimens was: 1, 5, 2, 5, 1, 3, 1, 2, 3, 2,
respectively. For Grave’s disease, seven specimens were
imaged, and the number of areas imaged within the seven
specimens was: 4, 4, 4, 4, 1, 3, 2, respectively. For FVPTC
tumors, sixteen specimens were imaged. The number of areas
imaged within the sixteen specimens was: 1, 2, 4, 2, 4, 4, 1, 2,
1, 2, 1, 2, 2, 4, 4, 3, respectively. For cPTC tumors, eight
specimens were imaged. The number of areas imaged within
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the eight specimens was: 5, 7, 4, 7, 2, 1, 3, 3, respectively. For
insular tumors, eight specimens were imaged. The number of
areas imaged within the eight specimens was: 2, 1, 3, 4, 4, 2,
4, 4, respectively. For anaplastic tumors, four specimens were
imaged. The number of areas imaged within the four speci-
mens was: 4, 2, 7, 6, respectively. Two-tailed t tests were
conducted to compare the different tissue classes, where each
parameter was treated as an independent variable, with p <
0.05 considered statistically significant.

Nonlinear optical microscope setup

SHG imaging was performed using a custom-built Yb:
KGW laser operating at 1028 nm, 14.3 MHz repetition rate
and ~450 fs pulse duration [43] and coupled into a custom-
built nonlinear optical microscope (Fig. 1), as described
previously [44, 45]. Briefly, the laser beam was raster
scanned at up to 10 frames per second using galvanometric
scanning mirrors (VM1000, Cambridge Technology, USA)
through a 0.75 numerical aperture (NA) air immersion
objective lens (Plan-Apochromat 20×, Carl Zeiss AG,
Germany) that does not alter the laser polarization. A
custom-built 0.85 NA collection objective lens (Omex

Technologies, USA) was used to collect SHG signal in
transmission mode.

The SHG signal was collected using an interference filter
centered at 514.5 nm with 10 nm bandwidth (F10-514.5,
CVI Laser Optics, USA). Due to the intense excitation laser
light, SHG imaging required additional filtering with a
Schott color glass filter (BG39, CVI Laser Optics, USA).
SHG signals were measured using single-photon-counting
detector (H7421-40 Hamamatsu Photonics K.K., Japan).

The PIPO technique was used for polarization measure-
ments of the SHG signals, as described previously [42].
Briefly, in order to rotate the incident laser polarization, a
polarization-state generator (PSG) consisting of a sta-
tionary linear polarizer (IR 1100 BC4, Laser Components,
Germany) followed by a motorized half-wave plate
(532GR-42, Comar Optics Ltd, UK) was placed before the
excitation objective lens. A polarization-state analyzer
(PSA) consisting of a motorized linear polarizer (10LP-VIS-
B, Newport Corporation, USA) was placed after the col-
lection objective lens to measure the polarization of the
SHG signal.

SHG images were recorded at 9 equidistant analyzer
orientation angles of the PSA for each of 9 PSG half-wave
plate angles. Additional images were obtained at reference
polarizer and analyzer angles every 9 images to verify that
the SHG intensity remained constant throughout the
acquisition routine. A ~0.5 nJ pulse energy was used for
PIPO SHG imaging.

Second-order nonlinear optical susceptibility ratio
and degree of linear polarization

PIPO SHG measurements were used to determine the second-
order nonlinear optical susceptibility tensor component ratio
of collagen fibers within thyroid tissue as described pre-
viously [42, 46]. Briefly, a laboratory Cartesian coordinate
system (XYZ) was used to express the principal propagation
direction of the laser (Y) and the image plane (XZ). The
average orientation of collagen fibers in a voxel was defined
by the modified spherical angles δ and α. δ is defined as the
average in-plane fiber orientation measured from the Z-axis,
while α is defined as the out-of-plane tilt angle of the fiber.

By assuming C6 symmetry, the SHG intensity can be
described as a function of the laser electric field polarization
orientation (θ) and the orientation of the analyzer (φ) [47]:

I2ω /

χ 2ð Þ
xxz0

χ 2ð Þ
zxx0

sin φ� δð Þsin2 θ� δð Þ þ cos φ� δð Þsin2 θ� δð Þ

þ χ 2ð Þ
zzz0

χ 2ð Þ
zxx0

cos φ� δð Þcos2 θ� δð Þ

þ2
χ 2ð Þ
xyz0

χ 2ð Þ
zxx0

cos φ� δð Þsin θ� δð Þ

�����������

�����������

2

;

ð1Þ

Fig. 1 A schematic of the nonlinear optical microscope. A
polarization-state generator (PSG) is positioned before the excitation
objective lens (EO) and the sample stage holding the tissue sample.
After the collection objective lens (CO), a polarization-state analyzer
(PSA) is present. The PSG consists of a fixed polarizer followed by a
motorized half-wave plate while the PSA consists of a motorized
polarizer. A filter (F) and lens (L) are placed before the photomultiplier
tube (PMT) to ensure detection of second harmonic generation signal.
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where the primed second-order nonlinear optical suscept-
ibility tensor components denote the molecular suscept-
ibility projected onto the image plane. From Eq. (1), it is
seen that three second-order nonlinear optical susceptibility
tensor component ratios of an arbitrarily oriented collagen
fiber can be deduced. The assumption that χ(2)xxz′/χ

(2)
zxx′ is

equal to 1 was made for more accurate fitting and this
assumption is valid to a good approximation, as shown by
measurements of collagen in pig tendon using nonlinear
Stokes-Mueller polarimetric microscopy [48].

The measured second-order nonlinear optical suscept-
ibility tensor component ratios of the molecular suscept-
ibility projected onto the image plane (χ(2)zzz′/χ

(2)
zxx′= R and

χ(2)xyz′/χ
(2)

zxx′=C) at an angle α is related to the molecular
second-order nonlinear optical susceptibility tensor com-
ponent ratios (χ(2)zzz/χ

(2)
zxx and χ(2)xyz/χ

(2)
zxx) by [47]:

χ 2ð Þ
zzz0

χ 2ð Þ
zxx0

¼ χ 2ð Þ
zzz

χ 2ð Þ
zxx

cos2αþ 3sin2α ¼ R

χ 2ð Þ
xyz0

χ 2ð Þ
zxx0

¼ χ 2ð Þ
xyz

χ 2ð Þ
zxx

sinα ¼ C:

ð2Þ

At small α angles, R is representative of its molecular
counterpart, while C is near 0.

In addition to measuring R and C, a third parameter, the
degree of linear polarization (DOLP), was also measured
using the following equation:

DOLP ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s21 þ s22

p

s0
: ð3Þ

The SHG polarization is described by Stokes parameters:
s0, s1, and s2 defined as: s0= I0+ I90, s1= I0− I−90, and
s2= I45 − I−45, where Iφ is the SHG intensity at analyzer
angle φ. DOLP measurements at 8 incident laser
polarizations (0, 22.5, 45, 67.5, 90, 112.5, 135, and
157.5°) were averaged, where two DOLP calculations for
each were averaged, one using measurements at analyzer
angles 0, 45, 90, and 135° and the other at 22.5, 67.5,
112.5, and 157.5°.

Using custom MATLAB software (The Mathworks,
Inc.), the PIPO SHG data were fit with Eqs. (1)–(3). Bire-
fringence was neglected, since the tissue sections were thin
(5 μm) [46].

Results

The top two rows in Fig. 2 show bright-field microscopy as
well as typical SHG images of normal, hyperplastic (FND,
Graves’) and malignant (FVPTC, cPTC, insular, and ana-
plastic) thyroid tissues. These images were analyzed using

both C6v and C6 symmetry. Using C6v symmetry, the
structural parameter, R, for each pixel was determined.
Color-coded maps of the fitted R values for normal and
diseased thyroid tissue samples are seen in Fig. 2, row 3.
The graphs in row 4 are the corresponding frequency his-
tograms of the R values, from which the mean R values and
the full width at half maximum (FWHM) of the R dis-
tribution can be calculated by Gaussian fitting. The results
are summarized in Table 1.

The mean R values in normal thyroid tissue were sig-
nificantly smaller than in most pathological thyroid tissues,
including FVPTC (p < 0.05) and cPTC (p < 0.05), con-
sistent with previous data [41], as well as FND (p < 0.001),
Grave’s (p < 0.01) and anaplastic (p < 0.02). The exception
was insular carcinoma, where the differences in the mean R
values between normal and insular thyroid tissues have
mean R values that differ by 0.01 from one another. Simi-
larly, the mean R values in insular carcinoma were sig-
nificantly smaller than in the other pathological thyroid
tissues, including FND (p < 0.001), Graves’ (p < 0.01),
FVPTC (p < 0.05), and anaplastic carcinoma (p < 0.02).
This is also seen visually in the color-coded maps of the
fitted R values, where more blue and green pixels corre-
sponding to lower R values are clearly seen in normal and
insular carcinoma tissue (Fig. 2a3, f3), while more red
pixels corresponding to higher R values are seen in the other
tissues (Fig. 2b3–e3, g3).

The mean R values of FVPTC and cPTC tissues are not
significantly different, varying by <0.01, but both FVPTC
(p < 0.05) and cPTC (p < 0.05) tissues are significantly
different from anaplastic carcinoma. However, due to a
large standard deviation in the R values of anaplastic car-
cinoma, the mean R values of FND and Graves’ tissues,
which are slightly higher than in FVPTC and cPTC tissues,
are not significantly different from anaplastic carcinoma.
The mean R value of Graves’ tissue is not significantly
different from those of FVPTC and cPTC, but mean R value
of FND tissue was significantly different from that of cPTC
(p < 0.05).

The FWHM of the frequency histogram of normal
thyroid tissue was generally larger than most of the
abnormal tissues, including cPTC, insular carcinoma, FND
and Graves’ disease, indicating that these have a narrower
collagen orientation distribution. However, this difference
was only statistically significant for cPTC (p < 0.05),
which had the smallest FWHM of all tissues. Significant
differences in the FWHM were also found between dis-
eased tissues, specifically between cPTC and anaplastic
carcinoma (p < 0.05), the latter having the largest mean
FWHM of all tissues. Similarly, the FWHM of FND tissue,
which had a slightly higher mean R value than cPTC,
also significantly differed from that of anaplastic carci-
noma (p < 0.05).

Characterization of pathological thyroid tissue using polarization-sensitive second harmonic generation. . . 1283



Using C6 symmetry, the chiral fitting component, C, for
each pixel was additionally determined. Color-coded maps
of the fitted C values for normal and diseased thyroid tissue
samples are seen in row 5 of Fig. 2. The two colors indicate

if the average tilt of the collagen fibers is above or below the
imaging plane. The graphs in row 6 are the frequency his-
tograms of the corresponding C values, the FWHM of
which is related to the distribution of collagen tilt angles.

Fig. 2 PIPO SHG microscopy of normal and different pathological
thyroid tissues. Bright-field microscopy (a1–g1) as well as PIPO SHG
measurements (a2–g8) of collagen in normal (a) and pathological
thyroid tissues (b–g): hyperplasia (FND (b) and Graves’ (c)) and
tumor (FVPTC (d), cPTC (e), Insular (f) and Anaplastic (g)). SHG
intensity images (a2–g2) of selected regions are shown, together with
color-coded maps of the fitted R values (a3–g3) assuming C6v

symmetry, and occurrence histograms of the R values (a4–g4). Color-
coded maps of the fitted C values (a5–g5) and their occurrence his-
tograms (a6–g6) assuming C6 symmetry are also presented. Lastly,
color-coded maps of the extracted DOLP values (a7–g7) and their
occurrence histograms are displayed (a8–g8). The scale bar in the
H&E images, the SHG intensity images and color-coded maps
represents 20 µm.
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These maps visualize the distribution of the collagen
polarity and/or the out-of-image-plane tilt angle. In addi-
tion, the molecular susceptibility of chiral components
contributes to the C value distribution. The C values and the
FWHM values for the normal thyroid tissue and all the
pathological thyroid tissues studied were similar, as seen in
the color-coded maps, where collagen fibers are similarly
clustered into small positive- and negative-polarity regions.

The mean DOLP for normal thyroid tissue was sig-
nificantly larger than those of all pathological tissues,
including FVPTC (p < 0.001), cPTC (p < 0.001), FND (p <
0.002), Graves’ (p < 0.01), insular (p < 0.001), and ana-
plastic carcinoma (p < 0.001). This is also apparent in the
color-coded maps of the DOLP values (Fig. 2a7–g7), where
normal tissue (Fig. 2a7) has more red pixels and the dis-
eased tissues have more green and blue pixels
(Fig. 2b7–g7). Amongst the diseased tissues, the DOLP for
insular carcinoma, which had the lowest mean DOLP value
and hence the most depolarized SHG, was significantly
different than most of the other abnormal tissues, including
FND (p < 0.05), Graves’ (p < 0.02), cPTC (p < 0.01) and
anaplastic carcinoma (p < 0.01), except for FVPTC which
had a mean DOLP value that was only 0.03 higher.

Discussion

The observed increase in the mean R values for diseased
thyroid tissues is consistent with previous studies in human
lung [12], breast [33], and pancreas [40]. The values of R have
also been investigated in other tissues of varying degree of
disorder. Well-ordered collagen in the tibia [46] had a mean R
value of ~1.1, compared with the theoretical maximum value
of 3 (under the assumption that χ(2)xxz′/χ

(2)
zxx′= 1). Hence,

increased R values in diseased tissues is attributed to increased
disorder, which in turn may be attributed to variations in the
amino acid content of the triple helices [46], the arrangement
of the helices into fibrils, fibers and fascicles, and the

distribution of fibrils, fibers and fascicles within the laser focal
volume [12].

The fact that the average C value for normal tissue was not
significantly different than that for diseased tissues is as
expected, since the C values depend on the angle at which the
tissue was sectioned, which was arbitrary from sample to
sample. Further, the FWHM of the C values were also not
significantly different in diseased tissues as compared to
normal tissues. Previously, the FWHM of the C parameter
showed variation between parenchymal pancreas tissue and
tumor tissue [40]. This parameter is based on the intrinsic
chirality of the collagen fibers pointing out of the image plane,
and variations in it likely originate from different angular
distributions of the collagen fibers. Hence, diseased thyroid
tissue may have similar angular distributions of collagen
fibers as normal thyroid, or, the angles of the fibers are not
sufficiently pointing out of the image plane. To determine
whether differentiation between thyroid tissues based on the
average C values is possible, the absolute C values could be
measured using the strategy by Golaraei et al. [48] where pig
tendon at different sliced angles was measured, and the var-
iation in C versus the angle was fitted to obtain the tissue
absolute C value. However, this strategy may be complicated
by the heterogeneous structure of diseased tissue regions.

The mean DOLP for normal thyroid tissue was sig-
nificantly larger than that of all of the pathological tissues
studied. Interestingly, insular carcinoma had the lowest
mean DOLP value, indicating the most depolarized SHG.
Again, this is not entirely unexpected, since one of the
features of insular carcinomas is reduction of the normal
stromal components and loss of adhesion by tumor cells
[49]. It is, however, surprising that the value for FVPTC are
markedly different from normal thyroid, which it resembles
architecturally. This is an example of how PIPO SHG
parameters may find application in resolving pathologic
diagnostic controversies [9, 10].

To conclude, human thyroid tissue samples were suc-
cessfully imaged by polarization-resolved SHG microscopy.

Table 1 R, C, and DOLP values (mean ± 1 standard deviation), assuming C6v symmetry and C6 symmetry for normal and pathological (FVPTC,
cPTC, Insular, FND, Graves’, and anaplastic) tissues.

Tissue Samples (Areas) R (C6v) (FWHM) C (FWHM) DOLP

Normal thyroid 5 (16) 2.16 ± 0.05 (0.69 ± 0.02) 0.00 ± 0.04 (0.18 ± 0.03) 0.71 ± 0.08

FND 10 (25) 2.30 ± 0.06* (0.66 ± 0.09) 0.03 ± 0.05 (0.18 ± 0.10) 0.49 ± 0.13*

Graves’ 7 (22) 2.25 ± 0.04* (0.67 ± 0.08) 0.00 ± 0.07 (0.19 ± 0.07) 0.47 ± 0.06*

FVPTC 16 (39) 2.24 ± 0.10* (0.71 ± 0.40) 0.01 ± 0.05 (0.20 ± 0.08) 0.43 ± 0.10*

cPTC 8 (32) 2.23 ± 0.07* (0.63 ± 0.07)* −0.04 ± 0.04 (0.20 ± 0.08) 0.51 ± 0.10*

Insular 8 (34) 2.17 ± 0.06 (0.66 ± 0.09) 0.01 ± 0.04 (0.17 ± 0.04) 0.40 ± 0.04*

Anaplastic 4 (19) 2.42 ± 0.16* (0.83 ± 0.15) 0.00 ± 0.07 (0.16 ± 0.03) 0.47 ± 0.03*

The number of areas analyzed are given in brackets under “Samples.” The full width at half maximum (FWHM) of the frequency histograms are
given in brackets under the R and C values.

*Indicates statistically different from the corresponding normal thyroid tissue values (p < 0.05).
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Using the R and DOLP polarization PIPO SHG parameters,
normal thyroid tissue can be distinguished from a number of
thyroid diseases. Hence, the determination of R and DOLP
polarization SHG parameters can potentially be used to
identify diseased thyroid tissue. While the most common
challenge, to distinguish FVPTC from benign follicular
lesions such as FND, is not particularly helpful, the data
suggest that SHG microscopy may provide an ancillary tool
to distinguish cPTC from Graves’ disease and to identify
dedifferentiation to insular carcinoma that may not be obvious
in tumors that are predominantly differentiated carcinomas.

In this study, forward-scattered SHG signals from thin
sections were collected for applicability in automated
diagnosis of pathological samples. The technique might be
applicable to live medical diagnosis if epi-detection of SHG
signals is utilized as well as modeling and compensation of
polarization scattering during reflections and the addition of
a dichroic mirror is performed.
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