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ABSTRACT 

Histomorphometric analysis was performed on preparations of 18 spontaneous canine mammary 

epithelial neoplasias (fibroadenoma (n=6), tubulopapillary carcinoma (n=6) and solid carcinoma (n=6). 

Computer histomorphometric analysis of cell nuclei was performed using a digital microscope and 

morphometric analysis software (Image Pro Plus v.4.5 Media Cybernetics, Silver Spring, MD, USA).  

The studied morphometric parameters were mean nuclear area (MNA, μm2), mean nuclear perimeter 

(MNP, μm) and mean nuclear diameter (D mean, μm). The analysis of our results shows that there are 

reliable statistical differences between benign and malignant mammary neoplasms. In this regard, 

histomorphometric analysis can be used to differentiate benign from malignant mammary neoplasias in 

the bitch. On the other hand, however, statistical analysis shows that this study does not allow 

differentiation between malignant mammary neoplasms. 
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INTRODUCTION 

Mammary neoplasms are the most common 

tumors in intact female dogs (1-6). According to 

Brodey et al., (7)  and Yager et al., (8), about 

95% of them are of epithelial origin, and the 

remaining 5% are mesenchymal. Studies in 

Alameda and Contra Costa, California in 1963-

1966 showed that mammary tumors accounted 

for 13.4% of all tumors in dogs and 41.7% of all 

tumors in intact female dogs (6). The prevalence 

of mammary neoplasms in bitches in the 

European Union is significantly higher than in 

the United States, due to the infrequent 

performance of ovariohysterectomy as a 

prophylactic measure to limit the population in 

this animal species (6). In our country, 

malignant mammary tumors predominate 

(Zhelev et al., (9), Tsvetkov, (10), Dinev et al., 

(11). They are usually multicentric, and more 

than one tumor type can be observed in one 

animal (12-13). 
 

There are few reports in the specialized 

veterinary literature regarding the possibility of 
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using the parameters mean nuclear area, mean 

nuclear perimeter, and mean nuclear diameter 

for histomorphometric differentiation of benign 

from malignant spontaneous mammary 

epithelial tumors in the bitch. 

 

MATERIAL AND METHODS 

Computer histomorphometric analysis of cell 

nuclei was performed using a digital 

microscope and morphometric analysis 

software (Image Pro Plus® v.4.5 Media 

Cybernetics, Silver Spring, MD, USA). 

Morphometric analysis was performed on 

histological preparations stained with 

Hematoxylin/Eosin. The distribution of tumor 

formations in which we conducted 

morphometric studies is presented in Table 1. 

 

We studied the following morphometric 

parameters: mean nuclear area (MNA, μm2), 

mean nuclear perimeter (MNP, μm) and mean 

nuclear diameter (D mean, μm). Image Pro 

Plus® has a statistics program (Statistica 6.0. 

(StatSoft, Tulsa, OK, USA), which was 

sufficient for statistical processing of the 

obtained results (ANOVA, post hoc LSD, level 

of confidence p < 0.05). 
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Table 1. Distribution of tumor formations in which we performed histomorphometric analysis. 

MATERIALS NUMBER 

1. Fibroadenoma 6 

3. Tubulopapillary carcinoma 6 

4. Solid carcinoma 6 

 

 

RESULTS 

Mean nuclear area 

After performing the computer 

histomorphometric analysis, we obtained the 

following numerical values: fibroadenoma - 

34.49 ± 8.41 μm2, tubulopapillary carcinoma –  

 

 

43.47 ± 9.03 μm2 and solid carcinoma - 44.36 ± 

12.95 μm2. The mean nuclear area was the 

smallest in fibroadenomas and gradually 

increased in tubulopapillary and solid 

carcinomas. The results are presented 

graphically in Figure 1. The data from the 

statistical analysis are reflected in Table 2. 
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Figure 1. Graphical representation of the mean nuclear area. 

FA Area – Fibroadenoma, MNA, μm2; TC Area – Tubulopapillary carcinoma MNA, μm2; SC - Area – Solid 

carcinoma MNA, μm2 

 

 

Table 2. Reliability of differences between groups regarding the morphometric indicator mean 

nuclear area ANOVA/LSD test (*p<0.05, **p<0.01, ***p<0.001). 

Groups FA ТC SC 

FA - *** *** 

ТC *** - - 

SC *** *** - 
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Mean nuclear perimeter 

The numerical values of this morphometric 

indicator varied within the following limits: 

fibroadenoma - 21.25 ± 2.84 μm, 

tubulopapillary carcinoma - 23.96 ± 2.76 μm, 

solid carcinoma - 24.62 ± 3.82 μm. The mean 

nuclear perimeter was the smallest in 

fibroadenomas, and gradually increased in 

tubulopapillary and solid carcinomas. The 

results are presented graphically in Figure 2, 

and the data from the statistical analysis are 

reflected in Table 3. 
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Figure 2. Graphical representation of the mean nuclear perimeter. 

FA Perimeter – Fibroadenoma, MNP μm; TC Perimeter – Tubulopapillary carcinoma MNP, μm; SC Perimeter – 

Solid carcinoma MNP, μm 

 

 

Table 3. Reliability of differences between groups regarding the morphometric indicator mean 

nuclear perimeter. ANOVA/LSD test (*p<0.05, **p<0.01, ***p<0.001). 

Groups FА ТC SC 

FA - *** *** 

ТC *** - - 

SC *** *** - 

 

 

Mean nuclear diameter  

The mean numerical values of the 

morphometric indicator mean nuclear diameter 

varied within the following limits: 

fibroadenoma – 6.49 ± 0.84 μm, tubulopapillary 

carcinoma - 7.28 ±  0.78 μm, solid carcinoma – 

7.34 ± 1.05 μm. The mean nuclear diameter was 

lowest in fibroadenomas, and gradually 

increased in tubulopapillary and solid 

carcinomas. The results are presented 

graphically in Figure 3, and the data from the 

statistical analysis are reflected in Table 4. 
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Figure 3. Graphical representation of the mean nuclear diameter of the nuclei. FA D mean – Fibroadenoma, D 

mean μm; TC Perimeter – Tubulopapillary carcinoma D mean, μm; SC D mean – Solid carcinoma D mean, μm 

 

Table 4. Reliability of differences between groups regarding the morphometric indicator mean 

nuclear diameter.  ANOVA/LSD test (*p<0.05, **p<0.01, ***p<0.001). 

 

Groups FА ТC SC 

FA - *** *** 

ТC *** - - 

SC *** *** - 

 

 

DISCUSSION 

In the study of the morphometric parameter 

mean nuclear area, we found statistically 

significant differences in all neoplasms 

(p<0.001), with the exception of the differences 

between tubulopapillary and solid carcinoma. 

In veterinary oncology, to date, there have only  

cytomorphometric studies on the indicator 

mean nuclear area in spontaneous mammary 

neoplasms (14). In it, the researchers found 

statistically significant differences in all studied 

mammary tumours. Similar studies have been 

performed on pathohistological preparations, 

and the conclusion that the authors make is that 

there are statistically significant differences 

between benign and malignant mammary 

tumors in the bitch as a whole (15-16). In 

addition, Ciurea et al., (15) in their study 

indicated that nuclear morphometric indicators 

increase gradually in relation to the degree of 

malignancy of the neoplasms. The mean nuclear 

area has been studied for many years in human 

medicine. In this regard, the studies of our and 

foreign authors have proven categorically that it 

can be used for histomorphometric 

differentiation of benign from malignant 

mammary gland tumors in women (17-22). This 

is fully confirmed by the results of our study. 

 

In the study of the morphometric indicator of 

the mean nuclear perimeter, we found 

statistically significant differences between all 

studied neoplasias, with the exception of the 

differences between tubulopapillary and solid 
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carcinoma. In human medicine, it has been 

definitively established that this indicator can be 

used for histomorphometric differentiation of 

benign from malignant mammary tumors (17, 

22, 18, 20-22). Similar results were obtained in 

the study of Simeonov (14), but on cytological 

preparations of mammary neoplasms stained 

with Hemacolor®. The analysis of the results of 

the indicator mean nuclear diameter are 

analogous. Moreover, a number of researchers 

in human medicine use the mean numerical 

values of nuclear diameters (mean, minimum 

and maximum) for subtyping mammary 

epithelial tumours (24, 19, 15, 20, 22). 

 

In conclusion, the results of our study show that 

the mean numerical values of the parameters 

related to the area, perimeter and diameter of the 

nuclei can be used for histomomorphometric 

differentiation of benign from malignant 

mammary neoplasms, i.e. they have diagnostic 

significance. At the same time, however, they 

cannot be used for subtyping malignant 

mammary tumours in the bitch. In benign 

mammary neoplasias, the cell populations are 

generally homogeneous and nuclei of 

approximately the same size predominate. 

Conversely, in malignant mammary neoplasms, 

the cell populations are generally heterogeneous 

and the nuclei are of different sizes. Thus, we 

fully confirm the results of studies by other 

authors working on the problem in human 

medicine (17, 18, 19, 21-22). 

 

Computer morphometry can be used for both 

cytological and histological purposes. In 

cytology, due to the arrangement of the nuclei 

in one plane, the manipulation is easier to 

perform. In histology, the nuclei of the cells 

easily overlap, and this requires their manual 

differentiation. Another advantage of using 

morphometry in cytology is that the method can 

be used preoperatively. In our opinion, 

performing morphometric studies on 

cytoplasmic structures, as well as determining 

the nucleus/cytoplasm ratio, is difficult to 

implement due to the easy rupture of the 

cytoplasm of cells. In our opinion, the methods 

for fixing the cellular material play an 

extremely important role in morphometric 

analysis. For example, a number of publications 

indicate different values in morphometric 

studies of the same cytological and histological 

preparations. This is explained by the influence 

of different fixatives on the shape of the cells 

during the histological processing of the 

materials (23-25). According to Elzagheid and 

Collan (26), the problem is also open in 

cytology. The lack of standardization of the 

procedure leads in practice to differences in the 

numerical values of the same morphometric 

indicators in the same neoplastic cells, fixed and 

stained by different methods. Furthermore, each 

fixative modifies the shape of the cells to some 

extent (23-25). In this regard, modern 

researchers in this field require the introduction 

of a uniform procedure for fixing cells before 

performing morphometric studies. 
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