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ABSTRACT 

Fifty-two spontaneous canine mammary gland tumours (fibroadenomas, tubulopapillary carcinomas, 
solid carcinomas, anaplastic carcinomas, fibrosarcomas, liposarcomas and osteosarcomas) were 
selected and analysed by computer-assisted nuclear fractal analysis on Hemacolor stained cytologic 
specimens. Computerized cytomorphometry was performed and the fractal dimension of the studied 
nuclear surfaces was assessed.  A minimum of hundred nuclei per lesion was examined. The 
statistical analysis revealed significant differences between benign and malignant neoplasms, but not 
between different types of malignant canine mammary gland neoplasms. The results indicated that 
computer-assisted fractal analysis could be used as an additional method for differentiating between 
benign and malignant canine mammary gland tumours on cytologic specimens. 
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INTRODUCTION 

Usually, the structure of an object can be 
described utilizing tools of Euclidian 
geometry1 A square, for example, can be 
described by the measure of its sides. 
However, “complicated” objects, particularly 
naturally occurring objects such as clouds, 
mountains, and coastlines, do not apparently 
appear as a sum of triangles and lines. Such 
objects are better described using fractal 
geometry. The fractal geometry is the branch 
of mathematics, which studies the properties 
and behaviours of fractals. The word “fractal” 
was introduced for the first time by 
Mandelbrot from the Latin fractus meaning 
broken (1, 2, 3). Fractal objects are mainly 
characterized by four properties: a) the 
irregularity of their shape; b) the self-
similarity of their structure; c) their non-
integer or fractal dimension, and   d) scaling, 
which means that the measured properties 
depend on the scale at which they are  
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measured   (4 , 5, 6). One of the advantages of 
fractal analysis is the ability to quantify the 
irregularity and complexity of objects with a 
measurable value, which is called the fractal 
dimension (7). 

Fractal analysis techniques are common 
tools in physics and image processing. 
Recently, the interest in this analysis in 
medical science, especially in oncology has 
been progressively increasing (2, 6, 8, 9, 10, 
11). The latest investigations in medicine have 
shown the usefulness of fractal geometry in 
diagnosis of tumours of the reproductive 
system (12, 13), colonic cancer (14), bone 
marrow tumours (15), skin disorders (10, 11, 
16) and breast lesions (17, 18, 19, 20, 21, 22, 
23). The goal of the present study was to 
investigate whether computer-determined 
fractal dimension could be used as an 
additional tool for distinguishing between 
benign and malignant canine mammary gland 
tumours on cytologic specimens.  
 
MATERIAL AND METHODS 

The study was performed on fifty-two 
spontaneous canine mammary gland tumours. 
The tumours were selected from the 
Department of Surgery, Faculty of Veterinary 
Medicine, Trakia University, Bulgaria. A total 
of 52 tumours was included in this study and 
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tumours were distributed as follows: 
fibroadenomas (n=8), tubulopapillary 
carcinomas (n=9), solid carcinomas (n=6), 
anaplastic carcinomas (n=7), fibrosarcomas 
(n=9), liposarcomas (n=9) and osteosarcomas 
(n=4). Tumour cells were preoperatively 
obtained by fine-needle aspiration biopsy, 
immediately fixed with Merckofix spray 
(Merck, Darmstadt, Germany) and stained 
with Hemacolor (Merck, Darmstadt, 
Germany). The fine-needle aspiration biopsy 
was performed by sampling cells from four 
different areas of tumour formations. 
Subsequently all tumours were 
histopathologically confirmed according to 
WHO International Histological Classification 
of Tumours of Domestic Animals (24). The 
digitised images of the cytologic findings 
were captured by Motic Professional B3 
digital microscope (Motic, China Group Co, 
Ltd). The computer used was equipped with 
2.00 GHz Celeron Intel processor with 256 
Megabits of RAM and 17-inch monitor 
(Samsung Electronics, Slovakia Ltd, Galanta, 
Slovakia). The images created by the 
computer system were formatted as jpeg files. 
The magnification and the resolution used 
were 1000x and 1024/768 pixels in all cases. 
Only intact, non-overlapping nuclei and those 
with easily detected boundaries were 
analysed. Computer-assisted morphometry of 
randomly selected nuclei was automatically 
performed by image analysis program Image 
Pro Plus (Image Pro Plus 4.5.0.29. for 
Windows 98/NT/2000, Media Cybernetics, 
USA). A minimum of hundred nuclei per 
lesion was examined. The investigated 
morphometric parameter was fractal 
dimension. Computer-assisted fractal analysis 
of selected nuclei was performed 
automatically by Image Pro Plus. When the 
quality of digitised images was not optimal, 
we used the segmentation function. 
Segmentation is a process by which certain 
colours (and subsequently objects of interest, 
such as nuclei) in an image can be visually 
identified, and then isolated from the image as 
whole. The Image Pro Plus program uses a 
modification of the “hand and divider” 
method (“perimeter-stepping” method) for the 
calculation of fractal dimension. The fractal 
dimension is defined as the slope of the linear 
part of the function that relates the log of the 
outline length to the log of the “stride” length, 
that is, the steps taken in marking the 
perimeter of the object. For closed curves in 
the plane, this dimension is always >1 (a 
perfect circle) and is always <2 (values >1 
indicate irregular shapes). In our study we did 

not threshold the images to produce a binary 
image before calculation because the program 
computed fractal dimension without the need 
for “binarisation” of digital images. The data 
from computerized cytomorphometry were 
analysed using the ANOVA/LSD test 
(Statistica 6.0, StatSoft, USA) at a level of 
significance p< 0.05. 
 
RESULTS 

The mean fractal dimension (mean ± standard 
deviation) of fibroadenomas was 1.049 ± 
0.009, tubulopapillary carcinomas - 1.057 ± 
0.004, solid carcinomas - 1.061 ± 0.005, 
anaplastic carcinomas-1.061 ± 0.004, 
fibrosarcomas- 1.056 ± 0.006, liposarcomas - 
1.059 ± 0.051 and osteosarcomas – 1.057 ± 
0.004. The data from statistical analysis are 
presented on Table 1. 

The statistical analysis revealed 
significant differences between malignant and 
benign tumours, but not between different 
types of malignant canine mammary gland 
neoplasms. Analysis of our results showed 
that the fractal dimension had significance 
between malignant and benign tumours, but 
not between different types of malignant 
canine mammary neoplasms. The most 
significant differences were found between 
fibroadenomas and solid carcinomas, and 
fibroadenomas and anaplastic carcinomas 
(p<0.001). The comparison of fractal 
dimension between fibroadenomas and 
liposarcomas showed less significance 
(p<0.01). Among the groups of 
fibroadenomas, tubulopapillary carcinomas, 
fibroadenomas, fibrosarcomas, fibroadenomas 
and osteosarcomas, significance was the 
lowest (p<0.05). 
 
DISCUSSION 

Because of the absence of information on 
morphometric parameter of fractal dimension 
in canine mammary gland tumours, we 
compared our results with selected studies in 
human medicine. Sedivy and Windischberger 
(1998) applied fractal analysis to 
mammography as well as the histologic 
sections of breast carcinomas. Their results 
showed a reliable difference between benign 
and malignant breast tumours. Grizzi et al. 
(2001) studied fractal dimension and 
coefficient of roundness, two mathematical 
descriptors of irregularly shaped objects, in 
order to discriminate between 12 benign and 
11 malignant mammographic lesions. 
Morphometrical and fractal analysis of the 
breast lesions were automatically performed 
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by a computer-assisted image analysis system. 
Their results showed that fractal geometry 
allowed quantitative measurements of the 
complex morphology of benign and malignant 
mammographic lesions. Ohri et al. (2004) 
examined fractal dimension in randomly 
selected fine needle aspiration cytological 
smears of 42 infiltrating duct carcinomas and 
38 fibroadenomas of the breast. The Mann-
Whitney U test showed a significant 
difference in fractal dimension between these 
two groups. The authors concluded that fractal 
dimension might be a helpful discriminatory 
tool to distinguish benign and malignant cells.  

The results from research of Dey and 
Mohanty (2003) were similar. They studied 
fractal dimension of fine-needle aspiration 
cytological smears of 14 cases of 
histopathologically proven infiltrating duct 
carcinomas and 7 cases of fibroadenoma of 
the breast. Computer-assisted image analysis 
indicated a significant difference in the 
investigated parameter of malignant versus 
benign cells; Mann-Whitney’s nonparametric 
test was used again. The authors confirmed 
that measurements of fractal dimension might 
be helpful in differentiating between 
malignant and benign cells. 

 
Table 1. Values of fractal dimension in canine mammary gland fibroadenomas, tubulopapillary carcinomas, 
solid carcinomas, anaplastic carcinomas, fibrosarcomas, liposarcomas and osteosarcomas 

Value Significance of differences (P) Groups 
N Mean ± SD FA TC SC AC FS L O 

Fibroadenoma 
(FA) 

8 1.049±0.009 - * *** *** * ** * 

Tubulopapillary 
carcinoma 
(TC) 

9 1.057± 0.004 * - - - - - - 

Solid carcinoma 
(SC) 

6 1.061 ±0.005 *** - - - - - - 

Anaplastic 
carcinoma 
(AC) 

7 1.061 ±0.004 *** - - - - - - 

Fibrosarcoma 
(FS) 

9 1.056 ± 0.006 * - - - - - - 

Liposarcoma 
(L) 

9 1.059 ± 0.051 ** - - - - - - 

Osteosarcoma 
(O) 

4 1.057 ±0.004 * - - - - - - 

Level of significance (P) of differences among groups using ANOVA/LSD test (*p<0.05, **p<0.01, 
***p<0.001) 
 
In conclusion, this study demonstrated that the 
parameter of fractal dimension could be used 
as an additional method for distinguishing 
between benign and malignant canine 
mammary gland tumours on cytologic 
specimens. The objectivity of fractal analysis 
depends on the cell processing and on the use 
of the analysis software (23). Therefore, it is 
necessary to standardize the fixation and 
staining methods before performing each 
morphometric analysis and also to standardize 
the computer-assisted techniques and the 
estimated fractal dimension in the biologic 
objects (6, 22). In the present study, 
standardisation of the cell fixation was 
performed by immediate fixing of the 
cytologic material after obtaining the cells 
with Merckofix spray (Merck). These 
fixatives protect cells with polyglycol film for 
several weeks. Larger studies are needed to 

set a threshold of fractal dimension value 
above which the nucleus can be safely and 
objectively identified as malignant. This 
application could contribute to the 
introduction of automated techniques in 
veterinary oncology. 
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