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Abstract 

Circumanal gland tumors are very common
neoplasms of dogs. Their classification relies
on microscopic examination and is further
supported by a few immunohistochemical
markers that help indicate their prognosis.
However, new additional tests would be highly
useful. The purpose of this study was to devel-
op such a test using fractal analysis which is
increasingly being applied in science, espe-
cially in the field of biomedicine. A total of 53
circumanal gland tumors were chosen from
our department archives. After a precise histo-
logical classification according to the World
Health Organization classification, the num-
ber of de novo classified samples was as fol-
lows: 15 adenomas, 11 epitheliomas, 21 well
differentiated carcinomas, 6 poorly differenti-
ated carcinomas. Ten samples of normal cir-
cumanal gland were also included as control.
All samples were immunohistochemicaly
stained with vimentin. All immunohistochemi-
cal reactions were photographed at two differ-
ent magnifications -100X and 400X and con-
verted to 1 bit in black and white (bitmap)
images, thus enhancing the positive vimentin
reactions. These images were used for the
assessment of fractal dimension applying the
box counting method and computer software
Fractalyse. To determine the significance of
results, conventional statistics were performed
using Statistica software.

The overall vimentin stain score was signif-
icantly higher in epitheliomas and carcinomas
than in normal circumanal glands (CG) or ade-
nomas. Mean values of fractal dimension esti-
mated at magnification 100X and 400X were as
follows: normal CG 1.318 and 1.372, CG adeno-
mas 1.384 and 1.408, CG epitheliomas 1.547
and 1.597, CG well differentiated carcinomas
1.569 and 1.607, CG poorly differentiated carci-

nomas 1.679 and 1.723. Significant differences
(at level of 5%) of these values were observed
between individual groups of CG adenomas or
normal CG, and epitheliomas or carcinomas. 

The above results indicate vimentin
immunohistochemistry staining and assess-
ment of fractal dimension as an ancillary diag-
nostic method of choice when discerning
between benign and malignant tumors of cir-
cumanal glands. Additional development of the
method of fractal dimension assessment may
yield a possibility for this tool to successfully
discern between all of the types of CG tumors. 

Introduction

Circumanal gland (CG) tumors are the most
common epithelial skin tumors in dogs, and
the third most common of all canine skin
tumors.1 They typically arise as nodular out-
growths in the perianal region of aged dogs.2

According to their behavior and histological
appearance these tumors are classified into
the more frequent benign adenomas, and the
less frequent low grade-malignant epithe-
liomas and malignant carcinomas.3 Definite
diagnosis of these neoplasms requires
histopathologic examination which according
to established criteria discerns between these
and helps predict biological behavior. However,
as with many neoplasms, there remains sub-
stantial interobserver variation when classify-
ing these tumors. This is especially true for
borderline cases. In such cases, additional tests
prove to be beneficial. There have only been a
few studied additional diagnostic/prognostic
tools for these tumors (silver-stained nucleolar
organizer regions AgNOR4 and Ki675), both
cellular proliferation markers. Another ancil-
lary diagnostic/prognostic tool, taking a differ-
ent (non-proliferative) approach, would be a
nice supplement to the whole diagnostic work
up. Such a tool would be even more appreciat-
ed nowadays with the recent introduction of
subclassification of circumanal gland carcino-
mas, which discerns between well differentiat-
ed and poorly differentiated carcinomas.2

Fractal analysis of images has proved as a
valuable tool in various fields of medicine.
Notable examples include common diagnostic
imaging methods: electroencephalography,
brain imaging, mammography and bone imag-
ing.6 It has also proved as a very promising tool
when harnessed to analyze oncologic micro-
scopic samples. These could be hematoxylin
and eosin (H&E) stained slides7-10 or cytologi-
cal specimens.11,12 Finally, in recent years, a
few approaches combining specific immuno-
histochemistry (IHC) stains and fractal dimen-
sion (FD) calculating algorithms have been
elaborated to help diagnose and predict the

behavior of certain types of human neoplasms.
For instance, determining the fractal dimen-
sion of pancytokeratin stained sections of duc-
tal carcinomas proved as a good indicator of
malignancy.13,14 This same approach (using
pancytokeratin) proved as a good tool for dif-
ferentiation between non-small cell lung ade-
nocarcinoma and squamous cell carcinoma.15 A
cytokeratin stain was also used in FD determi-
nation of canine trichoblastomas,16 this being
one of the rare examples of applying this
method within veterinary medicine. There is
an even larger number of studies using FD as
a tool for assessing neoplastic (micro)vascu-
larity.17-22 These studies usually include a CD34
stain for endothelial cells and a box-counting
method of calculating FD. Most of these
reports show promising results, indicating that
such methods could help differentiate between
various tumor subtypes, or give a more accu-
rate prognosis for specific cases.17-21

Considering all of the above, we evolved a
similar method combining vimentin IHC stain-
ing and fractal image analysis on tissues of
normal and neoplastic canine circumanal
glands. The decision to use vimentin staining
was made after a successful pilot study which
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highlighted the pattern of fibrovascular stro-
ma, but also reserve (basaloid cells) of the ade-
nomatous and carcinomatous circumanal
gland.23 The overall intention for this method
was to be useful in the classification of CG
tumors and eventually prognosis, but also to be
simple and inexpensive. 

Materials and Methods
Samples

Samples included in this study consisted of
archive paraffin blocks from 43 excised tumor
samples submitted to our department from 1st

of January 2006 until 31st of December 2010,
and originally diagnosed as CG epithelioma or
carcinoma. To this number, ten CG adenomas
from the same period and ten normal (non
tumorous) CG samples were added giving a
total of 63 samples. Normal circumanal gland
samples were obtained from carcasses of dogs
younger than four years submitted for a rou-
tine necropsy. These dogs had no visible patho-
logic process of CG, no clinical history of any
CG ailment, and most of them succumbed to
trauma or viral diseases. 

Microscopic examination and 
classification

Standard H&E slides were prepared from all
of the selected samples (paraffin blocks). A
microscopic examination was performed using
guidelines presented in textbook,2 which dis-
tinguishes between well and poorly differenti-
ated CG carcinoma and is otherwise consistent
with the WHO classification of tumors. To
lessen individual personal bias when making
the histological diagnosis, this examination
was conducted independently by three differ-
ent veterinary pathologists. In case of individ-
ual conflicting diagnoses, a final diagnosis was
made by consultation of all three pathologists.

Immunohistochemical analysis
A 4-μm thick section of each chosen paraf-

fin block sample was mounted on coated glass
slides (Dako A/S, Glostrup, Denmark, K8020),
dewaxed, and rehydrated. Antigen retrieval
was performed with a citrate buffer (pH 6.0) in
a microwave oven for 20 min. Endogenous per-
oxidase activity was blocked by incubating the
sections in Dako REALTM Peroxidase-Blocking
solution for 5 min. Sections were then incubat-
ed with the primary antibody - Monoclonal
mouse anti -vimentin (Clone V9, M0725,
Dako) diluted 1:100 for 30 min. This was fol-
lowed by incubation for 30 min with a ready-to-
use secondary antibody (Dako REALTM

EnVisionTM/Horseradish Peroxidase, Rabbit/
Mouse) and with the substrate Dako REALTM

Diaminobenzidine + Chromogen for a further

10 min. Rinses were done with
DakoCytomation Wash Buffer between each
step. All of the previous steps (from antigen
retrieval) were done in a Dako Autostainer.
Finally, the sections were counterstained with
hematoxylin, dehydrated and mounted with
cover slips. A sample of connective tissue was
used as a positive control, while negative con-
trols were obtained by substitution of the pri-
mary antibody with phosphate buffered saline.

Scoring of vimentin stained 
sections

The IHC staining was scored using a semi-
quantitative method based on both intensity
and proportion of cells stained, as already
applied for this antibody,24 which allowed
scores from 0 to 12.

Calculation of the fractal dimension

Image (micrograph) acquisition and analysis
For each of the 64 IHC microscopic samples,

three micrographs were taken using 100X
magnification (microscope objective magnifi-
cation 10X multiplied by standard ocular  mag-
nification of another 10X). Another three
micrographs were taken using 400X magnifi-
cation (microscope objective magnification
40X multiplied by standard ocular  magnifica-
tion of 10X). All images were captured using
an Eclipse Nikon E600 microscope with
installed Olympus DP20 camera and a comput-
er software Cell B (Olympus Soft Imaging
Solutions), producing a 1600x1200 pixel image
(300 dpi) at both magnifications. Microscopic
fields of view which were photographed were
chosen at random, but within the part of the
slide with evident immunohistochemical reac-
tion. Also, parts of the slide which were not of
adequate quality, and parts of the slide where
dominant structures were non tumorous (in
case of circumanal gland adenomas, epithe-
liomas, well and poorly differentiated carcino-
ma) or non glandular (in case of normal cir-
cumanal glands) were avoided. All of the
micrographs were edited using Adobe
Photoshop version CS6 (Adobe Systems,
Mountain View, CA, USA), as follows.

First, the micrographs were converted to
CMYK mode (cyan, magenta, yellow, black). In
this color range (determined by CMYK mode)
all of the non-yellow colors were removed,
while at the same time enhancing the yellow
color using option Image>Adjustment>Color
balance (value: 100). In this way, the yellow
(and brown) color range was enhanced and
other colors were removed, thus enhancing the
IHC reaction. The micrographs were further
converted to 8 bit grayscale pictures (mode)
which were additionally adjusted according to
the distribution of pixels by light color tone
range (using Image>Adjustment>Levels; val-

ues of tones: dark 0, grey 0.01 and white 160).
Finally, the pictures were converted to 1 bit
black and white bitmap type, which supports
strictly black and white pictures without
shades of gray.

This way, the black color represented posi-
tive (brown) labeling of the original IHC reac-
tions of the vimentin. Examples of images
from every described step of the process are
presented in Figure 1. The pictures in bitmap
type were suitable for estimation of the fractal
dimension as described below. 

Assessment of the fractal dimension of
vimentin positive signals

The fractal dimension of vimentin positive
signals was estimated using a box-counting
algorithm integrated within the computer pro-
gram Fractalyse 2.4. This software was set to
estimate FD using the box counting method
and grid algorithm with exponential increase
of box size. This program counts boxes
(squares) on a grid which contains one or
more black marked pixels. With each step the
size of the mentioned box is increased expo-
nentially (base two); in the first step one box
is equal to the size of one pixel. Each step of
this process therefore yields one value r which
represents the side length of the box and asso-
ciated value n=n(r), which stands for the num-
ber of boxes with at least one positive value
(signal). By repeating the mentioned steps a
sequence of values r and n(r) is acquired.
These values are amenable for placing on
Cartesian coordinating system, where the
ordinate (Y axis) represents the number of
boxes (squares) with positive signals (n(r)),
and the abscissa (X axis) represents side
length (r) of the corresponding box (square).
Such an acquired curve is an empirical curve
and has to be paired with an estimated curve
by the formula:

n(r) ≈ r –FD

since 

FD = lim r→0 log [1/n(r)] / log r

by definition of the box-counting fractal
dimension (FD).25

The value of the fractal dimension A FD is
estimated by a linear regression upon an
empirical log-log curve:26

log[1/n(r)] ≈ FD ∙ log r

A value of FD was estimated for each of the
micrographs. Since for each sample three
micrographs at magnification 100X and 400X
were taken, this yielded three values of FD for
each magnification. The mean standard devia-
tions of these three measurements for each
magnification were 0.062 (FD 100X) and 0.057
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(FD 400X). Therefore, the fractal dimension of
each sample was expressed by two values -
FD100X and FD400X, which represented the
mean of the estimated FD for each micrograph
at these two magnifications. 

Statistical analysis
All data were analyzed using data analyzing

software Statistica ver. 10.0. We used histolog-
ical diagnosis as an ordinal variable since we
had five different diagnoses from the same tis-
sue that could be easily arranged according to
its biological behavior. The diagnoses were
therefore listed in the following order with
increasing malignant behavior: 1, normal CG;
2, CG adenoma; 3, CG epithelioma; 4, well dif-
ferentiated CG carcinoma; 5, poorly differenti-
ated CG carcinoma. Chi-Square test for homo-
geneity (see Test 16a in Sheskin27) was used
to test the differences in the distributions
(homogeneity) of vimentin scores among sub-
populations (groups) of tumors classified with
respect to histological diagnosis. One-way
ANOVA (see Test 21 in Sheskin27) and Tukey’s
HSD test (see Test 21c in Sheskin27) were used
to test differences in the means of FD among
all, and between any two of the tumor subpop-
ulations classified with respect to histological
diagnosis. Lilliefors’ corrected Kolmogorov-
Smirnov’s test and Shapiro-Wilk’s test28 were
used for testing normality of all individual
groups of FD data. Bartlett’s test (see Ch. 3-3.4
in Montgomery29) was used for testing homo-
geneity of variances in FD data among subpop-
ulations classified with respect to the histolog-
ical diagnosis. Normal probability plot28 was
used for graphical testing of normality of
errors in ANOVA model.  Goodman and
Kruskal’s gamma statistics (see Test 32 in
Sheskin27) was used to express the level of cor-
relation between histological diagnosis and
vimentin scores meant as two ordinal vari-
ables. The Spearman’s rank correlation coeffi-
cient (see Test 29 in Sheskin27) was used to
express correlation between histological diag-
nosis and FD, and vimentine scores and FD, as
a measure of monotonic association between
two ordinal variables. The Pearson’s product-
moment correlation coefficient (see Test 28 in
Sheskin27) was used for measuring the level of

linear association between vimentine scores
(meant as numerical variable with equally dis-
tant and scaled values in a way that it can be
interpreted as an interval/rational variable)
and FD (obviously interval/rational variable).

Results 
Microscopic examination and clas-
sification

The microscopic examination of 43 samples
originally diagnosed as CG carcinomas or
epitheliomas revealed 21 well differentiated
carcinomas, 11 epitheliomas, six poorly differ-
entiated carcinomas and five adenomas. The
five adenomas were further grouped with the

previously selected group of ten CG adenomas.
The total and final number of samples by diag-
nosis are presented in Table 1. 

Vimentin scores of IHC stained sec-
tions

A positive IHC reaction to vimentin was
detected in the cytoplasm of reserve or hepa-
toid cells of normal circumanal glands or
tumors. As expected, a positive reaction was
also observed in connective tissue stroma.
Staining intensity varied from a weak to a
strong reaction, and there were also samples
without any reaction. Generally speaking,
staining intensity was more pronounced in
malignant subtypes of tumors. The percentage
of positive cells varied, and was also higher in
malignant types of tumors. The same was true

                                                                                                        Original Paper

Table 1. Samples by diagnosis (samples included in the study).

                                                                   Number of samples   Mean age of dogs (in years)    Sex ratio (M/F)      Most common breed

Normal circumanal glands                                                           10                                                   2.37                                                6/4                              Mixed breed (4)
Circumanal gland adenomas                                                       15                                                   8.13                                               12/3                             Mixed breed (4)
Circumanal gland epitheliomas                                                  11                                                  10.91                                              11/0                             Mixed breed (5)
Well differentiated circumanal gland carcinomas                 21                                                  11.25                                              21/0                                  Poodle (3)
Poorly differentiated circumanal gland carcinomas               6                                                   11.67                                               5/1                   Mixed breed (2) Poodle (2)
Overall number of samples                                                         63                                                   9.06                                               55/8                            Mixed breed (17)

Figure 1. Steps in image transformation, yielding bitmap image from original IHC vimentin
stained section micrograph. A) IHC vimentin stained section micrograph (for this illustra-
tion one well differentiated carcinoma is depicted). B) CMYK mode of image. C) Greyscale
image. D) Final bitmap image suitable for fractal analysis. Scale bars: 200 µm.
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for the final vimentin score, since it represent-
ed a product of percentage of the positive cells
and their staining intensity. The median val-
ues of vimentin scores were as follows: 1, nor-
mal CG; 2.5, CG adenomas; 3.5, CG epithe-
liomas; 2.5, CG well differentiated carcinomas;
6, CG poorly differentiated carcinomas.

Considering the relatively small number of
samples and type of variable this score repre-
sented, we were obliged to consolidate these
results as presented in Table 2. This consolida-
tion rendered this data suitable for a Chi
square test, and Goodman and Kruskal’s
gamma statistics. The results of the Chi
square test revealed that the difference
between these two groups (normal CG and CG
adenomas versus CG epitheliomas and carci-
nomas) was significant (P=5.73�10-6).
Goodman and Kruskal’s gamma rank correla-
tion between such consolidated histological
groups and vimentin scores was 0.898.

Fractal dimension of vimentin
stained sections

Fractal dimension was assessed at magnifi-
cation 100X (FD100X) and 400X (FD400X).
Mean values of FD100X and FD400X varied
across different histological groups, and were
as follows (95% confidence interval limits
shown inside brackets): normal CG 1.318

(±0.0578) and 1.372 (±0.061), CG adenomas
1.384 (±0.065) and 1.408 (±0.073), CG epithe-
liomas 1.547 (±0.101) and 1.597 (±0.092), CG
well differentiated carcinomas 1.569 (±0.052)
and 1.607 (±0.051), CG poorly differentiated
carcinomas 1.679 (±0.056) and 1.723
(±0.039). This data is graphically depicted in
Figure 2, and also provided in Table 3, where
the lowest and highest recorded values of
FD100X and FD400X and the corresponding
values of standard errors, standard deviations
and the mean measurement standard devia-
tions are also given. Normality tests for each of
these data groups showed that we were not
able to rule out easily the normality assump-
tion about the FD data (Table 3). Moreover
Bartlett’s test showed too that we were not able
to rule out the assumption that their popula-
tion variances are all equal (Bartlett’s statistic
are equal 5.77 and 7.71 providing P-values 0.22
and 0.10 at 4 degrees of freedom to FD 100X
and FD 400X, respectively). Hence it seemed
that applying one-way ANOVA to FD 100X and
FD 400X with respect to the histological diag-
nosis (as categorical variable in this case) was
appropriate.  A one-way analysis of variance
for testing equality of mean values of FD100X
of individual groups of normal CG and neoplas-
tic CG gave a P-value of 5.482�10-8 (F-statistic =
13.84  at (4.58) degrees of freedom, sum of
squares with respect to the histological diag-

nosis = 0.8456,  total sum of squres = 1.7313).
Analogue p value for FD400X was 3.750�10-8 (F-
statistic = 14.23  at (4,58) degrees of freedom,
sum of squares with respect to histological
diagnosis = 0.8693,  total sum of squares =
1.7549). Post-hoc graphical analysis of residu-
als showed that the ANOVA model was fairly
appropriate in both cases (Figure 3). Using the
Tukey HSD test, significant differences were
observed in mean values of FD100X and
FD400X between groups of normal CG and
epitheliomas as well as between normal CG
and well or poorly differentiated carcinomas.
Equally, significant differences were observed
between CG adenomas and CG epitheliomas or
well or poorly differentiated CG carcinomas.
Detailed P-values between all individual
groups (with significant values in red) are pre-
sented in Table 4. Value of Spearman correla-
tion coefficient between the histological type
of tumor (or normal CG) and values of FD100X
was 0.659, the same value for FD400X was
0.635. Correlation between FD100X and
FD400X and vimentin score was significant
(P<0.000001) and high. The Pearson correla-
tion was 0.868 (FD100X) and 0.863 (FD400X),
while Spearman correlation was
0.881(FD100X) and 0.892 (FD400X). Figure 4
depicts the plot between these two values cat-
egorized according to their diagnoses.
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Figure 2. Mean values of fractal dimension
for normal circumanal glands and differ-
ent circumanal glands tumor types. The Y
axis represents values of fractal dimension
from 1.1 to 1.9. The blue plot shows value
of the fractal dimension assessed from
IHC vimentin micrographs taken at mag-
nification 100X, while the red plot shows
value of the fractal dimension assessed
from IHC vimentin micrographs taken at
magnification 400X. NCG, normal cir-
cumanal glands; CGA, circumanal gland
adenomas; CGE, circumanal gland epithe-
liomas; WDCGC, well differentiated cir-
cumanal gland carcinomas; PDCGC,
poorly differentiated circumanal gland
carcinomas.

Figure 3. Analysis of residuals in ANOVA model. Normal probability plots and scatter
plots of standardized residuals obtained by analysis of variance in FD 100X and FD 400X
with respect to histological diagnosis as factor.
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Discussion 

Our goal was to demonstrate the applicabil-
ity and usefulness of a fractal geometry based
method to differentiate between various histo-
logical types of tumors, and normal circumanal

gland tissues in dogs. As our results show, this
method yields significantly different, yet real
number numerical results when comparing
some of the investigated histological types of
normal or neoplastic circumanal gland.
Moreover, looking at Figure 2 it is evident that
with the increase of malignancy in the histo-

logical type of tumor there is also a correspon-
ding increase in values of either FD100X or
FD400X. This is also substantiated with the
values of Spearman correlation coefficients
between the histological type of tumor (or nor-
mal CG) and values of FD100X or FD400X,
which were both above 0.600.  

                                                                                                        Original Paper

Table 4. P-values reflecting significant differences in fractal dimension between groups of non tumorous and tumorous circumanal
glands.

FD400X
FD100X                            NCG                                       CGA                             CGE                       WDCGC                                    PDCGC

NCG                                                                                                      0.949743                                0.001023                           0.000189                                               0.000140

CGA                                           0.685997                                                                                           0.002729                            0.000251                                               0.000150

CGE                                           0.000843                                            0.012797                                                                          0.999663                                               0.279804
WDCGC                                     0.000149                                            0.000507                                0.989656                                                                                          0.265397
PDCGC                                      0.000138                                            0.000191                                0.235540                           0.318949                                                       

FD400X, fractal dimension estimated from vimentin IHC micrographs taken at magnification 400X; FD100X, fractal dimension estimated from vimentin IHC micrographs taken at magnification 100X; NCG,
normal circumanal glands; CGA, circumanal gland adenomas; CGE, circumanal gland epitheliomas; WDCGC, well differentiated circumanal gland carcinomas; PDCGC, poorly differentiated circumanal
gland carcinomas. Significant P-values (P<0.05), determined by performing Tukey’s HSD test, are in italic.

Table 2. Vimentin score of samples included in the study.

                                                                                                                                                         Vimentin score                            Total
                                                                                                                                              0-2               3-4                 6-12                  

Normal circumanal glands and adenomas                                                                                                              23                        1                            1                          25
Epitheliomas, well and poorly differentiated circumanal gland carcinomas                                                  11                       12                          15                        38
Total                                                                                                                                                                                  34                       13                          16                        63
Chi-square statistic                                                                                                                                                                             24.138
P value (significance of differences between upper groups)                                                                                               5.73∙10–6

Goodman and Kruskal’s gamma correlation                                                                                                                                   0.890

Data is consolidated into two groups of histological diagnosis and three groups of vimentin scores to render it suitable for the Chi square test (to calculate P-value), and Goodman and Kruskal’s gamma
statistics.

Table 3. Fractal dimension of normal circumanal glands and circumanal gland tumors.

                                                                              Normal            Circumanal       Circumanal    Well differentiated    Poorly differentiated
                                                                           circumanal              gland                  gland           circumanal gland        circumanal gland
                                                                               glands               adenomas       epitheliomas        carcinomas                 carcinomas

Mean value of FD                                     FD100X                      1.318                            1.384                          1.547                              1.569                                        1.679
                                                                     FD400X                      1.372                            1.408                          1.597                              1.607                                        1.723
Lowest recorded value of FD                FD100X                      1.138                            1.208                          1.216                              1.281                                        1.600
                                                                     FD400X                      1.188                            1.199                          1.311                              1.338                                        1.675
Highest recorded value of FD               FD100X                      1.435                            1.649                          1.719                              1.710                                        1.779
                                                                     FD400X                      1.531                            1.701                          1.733                              1.746                                        1.785
Standard error of Mean FD                   FD100X                      0.029                            0.032                          0.050                              0.026                                        0.028
                                                                     FD400X                      0.030                            0.037                          0.046                              0.026                                        0.019
Std. deviation of FD                                 FD100X                      0.092                            0.125                          0.167                              0.120                                        0.069
                                                                     FD400X                      0.096                            0.142                          0.153                              0.117                                        0.047
Mean measurement std. deviation      FD100X                      0.049                            0.062                          0.058                              0.071                                        0.046
                                                                     FD400X                      0.077                            0.059                          0.048                              0.055                                        0.033
Lilliefors’ statistic                                    FD100X              0.178 (P>0.20)          0.207 (P<0.10)        0.245 (P<0.10)           0.183* (P<0.05)                     0.159 (P>0.20)
(P-value)                                                   FD400X              0.132 (P>0.20)          0.146 (P>0.20)      0.301** (P<0.01)          0.173 (P<0.10)                      0.230 (P>0.20)

Shapiro-Wilk’s statistic                          FD100X              0.948 (P=0.64)          0.920 (P=0.19)        0.884 (P=0.12)           0.898* (P=0.03)                     0.955 (P=0.78)
(P-value)                                                    FD400X              0.979 (P=0.96)          0.930 (P=0.27)       0.820* (P=0.02)          0.894* (P=0.03)                     0.876 (P=0.25)

FD, fractal dimension; FD100X, fractal dimension estimated from vimentin IHC micrographs taken at magnification 100X; FD400X, fractal dimension estimated from vimentin IHC micrographs taken at
magnification 400X; *significant at 5%; **significant at 1%.
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At first it seems reasonable to think that the
abovementioned differences are actually a
mere consequence of differences in staining
with vimentin (high Pearson and Spearman
correlation between both of the FD-s and
vimentin scores seem to point in that direc-
tion). Assuming that, one might think that this
fractal analysis is redundant. We offer here
few important reasons to discard this supposi-
tion. First, FD100X and FD 400X values provide
numerical information about the complexity of
the vimentin pattern found within normal tis-
sue, tumor stroma, and cells. The values of
FD100X and FD400X are read off the vimentin
stain, and are therefore also dependent on it.
However, in this case, vimentin is just a stain
that visualizes the complexity within a tumor,
which cannot be appreciated with the simple
value of a vimentin score. Second, determining
the score manually leaves a lot of space for
subjectivity, which is reduced in our described
method of determining FD100X or FD400X.
Finally, values of FD are expressed as a very
precise real number between 1.0 and 2.0. As
such, these values are more attractive for com-
parison or any statistical analysis than values
of a vimentin score, which can only be a whole
number between 0 and 12. 

Nevertheless, it would be incorrect to dis-
miss the finding of different vimentin staining
among various groups of normal and neoplas-
tic CG. This is, without doubt, an important

finding, which is further substantiated by the
high Goodman and Kruskal’s gamma rank cor-
relation between consolidated histological
groups and vimentin scores (which was
0.898). It is worth noting here that our investi-
gation is the first which describes such wide-
spread positive marking of vimentin on cir-
cumanal gland tissues (either normal or neo-
plastic). Previous reports found only slight pos-
itive reactions (sporadic perinuclear staining)
in differentiated cells of either normal circum-
anal glands30 or neoplastic circumanal
glands.31,32 This apparent contrast is abated by
the fact that in the studies of Vos et al.,30,31 a
different clone of vimentin marker was used,
and that immunohistochemistry advanced a
great deal in the last 20 years. On the other
hand, another study,32 which used the same
vimentin clone as our group, included 16 ade-
nomas, and only four epitheliomas. This study
did not include any carcinomas where we
found the strongest vimentin staining.

Seeking explanations for our results we can
offer a few points to consider. The underlying
event causing the observed differences in
vimentin staining may very well be epithelial –
mesenchymal transition (EMT). As described
elsewhere,33 EMT is a process in which malig-
nant epithelial cells acquire a mesenchymal
phenotype which facilitates their movement
and therefore metastasis. It is possible, there-
fore, that the high vimentin expression

observed in malignant epithelial (reserve
and/or hepatoid) cells of poorly differentiated
CG carcinomas is one of first steps in gaining
the mesenchymal phenotype within EMT. The
higher values of FD100X and FD400X observed
in the more malignant histological subtypes of
CG tumors is clearly a consequence of higher
expression of vimentin, but also reflects the
complex pattern of staining observed in these
tumors. This complexity of staining pattern of
vimentin within epitheliomas and carcinomas
was a net result of two things: pronounced
vimentin stain in the reserve cells, and inter-
mingled distribution pattern of the same cells.
These two factors produced vimentin stains
with repeatedly similar patterns within same
sample, and also at different magnifications.
In our opinion, this observed pseudofractal and
chaotic pattern of reserve cells within epithe-
liomas and the well and poorly differentiated
carcinomas of CG was the main reason why
FD100X and FD400X were so different between
these semi-malignant or malignant types of
tumors and benign tumors of CG (CG adeno-
mas) or normal CG (Table 4). The positivity
observed within hepatoid cells certainly
altered the overall value of FD100X and
FD400X, but in our opinion was not crucial.
With the exception of normal CG and some
adenomas, the same was true for the effect of
positive staining of the fibrovascular stroma. 

When strictly focusing on the comparison of
the results of FD100X and FD400X it is evident
that both values show equally good discrimi-
nating potential between various groups of
normal or neoplastic CG. This is underscored
by the very close p obtained by one-way ANOVA
(5.482�10-8 and 3.750�10-8), and also by similar
values of the Tukey HSD test. The latter is evi-
dent in Table 4: both values succeeded to sig-
nificantly discern between same groups of nor-
mal or neoplastic CG. It is therefore clear that
both values are equally useful, and in a practi-
cal situation, only one would suffice. This find-
ing also leads us to believe that microscopic
magnification of such slides (at least within
this given range) does not importantly affect
the value of FD. This could very well be
because of self similarity pattern of vimentin
stained sections of neoplastic (or normal) CG
at all magnifications (which could be granted
by a self similarity of a bundle of vimentin fila-
ments and a single filament at all dimen-
sions). 

We are aware of the weaknesses of the
applied methodology. The first is the selection
of the fields of view for the micrograph acqui-
sition. One could avoid this potential subjectiv-
ity in choosing these fields if a digitization of
the whole slide was conducted and such whole
slide image was analyzed using a fractal algo-
rithm.18,19 Alternatively, this problem could be
addressed by choosing a few random parts of

                             Original Paper

Figure 4. Scatter plots of FD100X and FD400X vs vimentin scores, categorized by histo-
logical diagnoses. On the left (blue dots) are represented values of FD100X vs vimentine
scores, while on the right (red dots) are the values of FD400X vs vimentine scores. NCG,
normal circumanal glands; CGA, circumanal gland adenomas; CGE, circumanal gland
epitheliomas; WDCGC, well differentiated circumanal gland carcinomas; PDCGC, poor-
ly differentiated circumanal gland carcinomas.
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the tumor sample,13,14 which is in fact very sim-
ilar to the solution we used (selection of three
random fields of view). It may be argued that
another flaw in the methodology is the fact
that there was no real measure how much the
positive signals from the tumor/circumanal
gland stroma influenced overall values of
FD100X and FD400X. In our opinion the com-
plexity of fibrous tissue stroma followed the
complexity of each individual tumor, this way
enhancing the overall vimentin stain and val-
ues of FD100X and FD400X. However, we
should point out here that in the case of nor-
mal CG, the connective tissue stroma was the
only source of positive vimentin signals.
Finally, a small portion of positive signals on
vimentin stained sections was lost during the
conversion to binary (bitmap) format of the
images. However, all of the pictures were con-
verted in the same way, so this affected all of
the samples equally. As a final note, when
addressing all possible limitations of the
methodology used, we wish to state here that
one of the expectations for the applied method
was to be widely accessible, applicable, simple
and inexpensive.

Despite all the potential pitfalls of this pre-
sented approach, we believe that this method
could be useful as an orientative diagnostic
test in discerning subtypes of CG tumors. This
is especially true when discerning between CG
adenomas and epitheliomas, or adenomas and
carcinomas. Furthermore, this approach,
which combines vimentin staining and fractal
analysis, could be potentially used in other
types of tissues/tumors, either as an indicator
of complexity of tumor stroma, or as an indica-
tor of complexity of positive signals within
tumor cells. This is the first investigation in
veterinary pathology which combines these
two approaches (vimentin IHC and FD calcula-
tion), so we hope that future studies will
improve our method and eventually integrate it
in certain aspects of diagnostic routine. 

In conclusion, vimentin staining and calcu-
lation of FD gives significantly different results
between benign and malignant or semi-malig-
nant types of CG tumors. These findings sug-
gest that a more elaborate method founded on
these principles would be helpful when dis-
cerning between all types of CG tumors. It also
demonstrates the applicability of fractal based
methods in veterinary oncology.  
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