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Abstract: Histomorphometry is an important tool in the diagnosis and prognosis of breast cancer, enabling 
the quantification of microscopic features related to tumor aggressiveness. This study aimed to standardize 
the Feulgen staining method for nuclear morphometric analysis and to compare nuclear measurements 
among different subtypes of canine mammary carcinoma. Histological slides with tissue microarray (TMA) 
sections from tubulopapillary carcinoma (TPC), complex carcinoma (CC), and solid carcinoma (SC) diagnoses 
were stained using the Feulgen method. Five random fields per TMA sample were photographed at 400× 
magnification, and nuclear morphometry was performed using ImageJ software with the Threshold tool. 
The SC subtype showed significantly larger nuclear area (85.40 µm² ± 0.3159) and nuclear perimeter (48.33 
µm ± 0.1217) compared to the TPC and CC subtypes (P < 0.0001). These results indicate that SC, a high-
grade malignant neoplasm, presents greater nuclear dimensions. Nuclear area and perimeter proved to 
be more reliable parameters for comparisons between different subtypes, while circularity was useful 
in differentiating malignancy grades within the same subtype. Feulgen staining demonstrated high 
efficiency for nuclear histomorphometry, allowing precise nuclear delimitation and reducing subjectivity 
in quantitative evaluation.
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Resumo: A histomorfometria é uma ferramenta importante no diagnóstico e prognóstico do câncer de 
mama, permitindo a quantificação de características microscópicas relacionadas à agressividade tumoral. 
Este estudo teve como objetivo padronizar a coloração de Feulgen para análise morfométrica nuclear e 
comparar as medidas nucleares obtidas entre subtipos de carcinoma mamário canino. Lâminas histológicas 
com cortes em microarranjos teciduais (TMA) dos diagnósticos de carcinoma tubulopapilar (CTP), carcinoma 
complexo (CC) e carcinoma sólido (CS) foram coradas pelo método de Feulgen. Cinco campos aleatórios por 
amostra de TMA foram fotografados em aumento de 400×, e a morfometria nuclear foi realizada no software 
ImageJ, utilizando a ferramenta Threshold. O subtipo CS apresentou área nuclear (85,40 µm² ± 0,3159) e 
perímetro nuclear (48,33 µm ± 0,1217) significativamente maiores em comparação aos subtipos CTP e CC 
(P < 0,0001). Esses resultados indicam que o CS, neoplasia de alto grau de malignidade, apresenta maiores 
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dimensões nucleares. A área e o perímetro mostraram-se parâmetros mais confiáveis para a comparação entre 
diferentes subtipos, enquanto a circularidade auxiliou na diferenciação dos graus de malignidade dentro 
de um mesmo subtipo. A coloração de Feulgen demonstrou elevada eficiência para a histomorfometria 
nuclear, permitindo a delimitação precisa dos núcleos e reduzindo a subjetividade na avaliação quantitativa.

Palavras-chave: Cão; coloração histoquímica; grau de malignidade; neoplasia; morfometria nuclear.

1. Introduction

Mammary tumors are among the most frequent neoplasms in female dogs, particularly in unspayed 

bitches, and approximately half of these lesions are malignant (1). Due to their high incidence and 

biological similarities to human breast cancer, these tumors represent a valuable model for spontaneous 

preclinical studies. Histologically, malignant mammary neoplasms exhibit cells with enlarged nuclei 

and prominent nucleoli, often accompanied by marked nuclear pleomorphism, nuclear folding, and 

overlapping, as well as coarse chromatin aggregates (2). Nuclear evaluation is therefore one of the most 

relevant criteria in tumor diagnosis, along with histological type, mitotic index, necrosis, peritumoral and 

lymphatic invasion, and regional lymph node metastasis (3).

Routine histopathological diagnosis employs hematoxylin and eosin (H&E) staining, which provides 

contrast between nuclear and cytoplasmic structures according to their physicochemical properties (4). 

H&E staining colors most cellular organelles and extracellular matrix components in eosinophilic tones, 

while the nucleus, rough endoplasmic reticulum, and ribosomes appear basophilic (5). Histochemical 

staining allows subjective assessment of cellular pleomorphism for grading malignancy in cancer.

Morphometric assessment of cellular and nuclear alterations is important for evaluating tumor 

progression. Quantitative measurements of nuclear profile, size, and shape are often correlated with 

malignancy (6). In canine mammary carcinomas, metastatic lesions in regional lymph nodes have been 

associated with a significantly larger mean nuclear area compared to non-metastatic tumors (7), indicating 

that nuclear morphometry may provide useful prognostic information. However, for accurate nuclear 

morphometric analysis, DNA-specific staining methods are preferred. The Feulgen reaction is a specific 

and sensitive histochemical technique for DNA (8), enabling detailed visualization and measurement of 

nuclear structures (9).

Considering that qualitative assessment of nuclear features is subject to interobserver variability, 

quantitative nuclear morphometry can provide greater objectivity in histological grading of canine 

neoplasms and support routine oncological diagnosis. Therefore, the present study standardized 

Feulgen staining for nuclear morphometric analysis and compared nuclear measurements between 

different subtypes of canine mammary carcinoma. 

2. Material and methods 

2.1 Ethical aspects and sample selection

The entire experimental analysis was approved by the Committee on Ethics in the Use of Animals 

(case no. 016/18). A total of 300 paraffin blocks containing fragments of canine mammary tumors 

were selected from a private veterinary histopathological diagnostic service, obtained from veterinary 

clinics between 2015 and 2018. The blocks came from samples fixed in 10 % buffered formaldehyde 

and subjected to routine histological processing within 48 h of receipt. The processing was performed 

according to a routine histological technique for paraffin embedding (dehydration, diaphanization, 
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impregnation, and paraffin embedding). From these blocks, new histological slides were prepared with 

4 µm thick sections, which were stained with H&E according to the routine laboratory protocol described 

below.

As an inclusion criterion, the state of conservation of the blocks was considered (absence of cracks 

and good inclusion in paraffin). As exclusion criteria, blocks that exhibited diagnostic uncertainties 

during slide evaluation were not included.

2.2 Histological diagnosis and classification of breast carcinomas

Ninety-nine cases were analyzed with the following histomorphological diagnoses: 66 

tubulopapillary carcinomas (TPC), 14 complex carcinomas (CC), and 19 solid carcinomas (SC). The 

histological classification and malignancy grade of mammary neoplasms were determined by an 

experienced veterinary pathologist. The classification of canine mammary neoplasms was established in 

accordance with the proposal by Elston and Ellis (10) and updated by Cassali (11).

The histological malignancy grade was based on the evaluation of tubular formation, mitotic count, 

and nuclear pleomorphism, with each parameter assigned a numerical score (I, II, or III) (3,11). The sum of 

these determined the final grade of the neoplasm (3). Each slide was analyzed under a light microscope, 

using five fields to assess tubular formation and nuclear pleomorphism and ten fields to determine the 

mitotic count for histological grading. After defining the histomorphological diagnosis and histological 

grade, blocks were constructed using the tissue macroarray (TMA) technique and stained with Feulgen.

2.2.1 Experimental design

This is an observational, cross-sectional, and methodological study aiming to evaluate Feulgen 

staining as a tool for nuclear measurement. In addition, morphometric measurements were described 

and compared between different classifications and malignancy grades.

2.3 Tissue macroarray technique (TMA) 

TMA blocks were prepared for each histomorphological type of canine mammary carcinoma. This 

technique (12) consisted of removing 0.5 to 2 mm tissue cylinders from donor paraffin blocks, which 

were transferred to an empty paraffin block (recipient block). Each recipient block received 50 different 

sample cylinders from the same histomorphological type. Renal tissue was used for localization of each 

case according to the map. The TMA technique allowed the analysis of a larger number of samples per 

slide in an optimized, standardized manner, reducing the time required for staining and analysis.

2.4 Feulgen staining and nuclear morphometry 

The TMA slides were subjected to staining using an adapted Feulgen technique. First, the slides were 

dewaxed for 15 min at 60 ºC and then washed in three xylene baths. Subsequently, they were immersed 

for 15 min in a 5 mol/L HCl solution, washed in running water, and placed in a solution containing Schiff 

reagent for 15 min in a darkroom. The slides were then rinsed twice in water at room temperature for 5 

min each. Finally, they underwent dehydration, diaphanization, and mounting.

2.5 Nuclear histomorphometry

The Feulgen-stained slides were analyzed under a light microscope, and five random fields were 

captured using a digital camera coupled to the microscope (Leica® DMC 2900) at 400× magnification. 

Subsequently, nuclear evaluation was performed using ImageJ 1.52a software (National Institutes of 
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Health, USA), with approximately 50 nuclei per field (13). The parameters used for nuclear morphometry 

were: area (the region encompassed within the nuclear perimeter); perimeter (the total length of the 

nuclear boundary); circularity (4π × Area / Perimeter2 – describes the degree to which the nucleus 

approximates a perfect circle, with values approaching 1.0 indicating circularity); and Feret’s diameter 

(the mean distance between two parallel lines tangent to the nuclear profile, representing the maximum 

caliper diameter).

The photomicrographs were analyzed by converting pixels to micrometers, with calibration for a 

40× objective lens. All photomicrographs underwent automatic brightness adjustment. Then, the green 

color channel (using the split channel function) was selected, and a threshold was applied (Figure 1) 

to obtain a binary image converted to grayscale (nuclei stained black and the remaining image white). 

To delimit the area to be measured, the watershed function was applied to the binary image. Next, 

to exclude particles that were not representative of neoplastic nuclei, a size range of 40-170 µm2 was 

predefined in the “Analyze Particles” function.

The choice of the nuclear analysis interval was based on previously published results. Values below 

40.0 µm2 were excluded to prevent confusion between neoplastic nuclei and defense cells, which have 

an average nuclear area of 31.9 µm2 (14). In addition, Simeonov’s (15) study reported mean nuclear areas in 

canine mammary carcinomas ranging from 66.83 µm2 to 143.71 µm2. These data allowed us to establish 

the size range of nuclei to be analyzed and considered neoplastic.

In addition to the measurement, nuclei of neoplastic epithelial cells with evident nucleoli and 

coarsely condensed chromatin were analyzed. Stromal cell nuclei, defense cell nuclei, and necrotic areas 

were not evaluated. Overlapping cells or cells with distorted morphology were also excluded from the 

analyses.

Figure 1. Morphometric analysis steps using ImageJ – photomicrograph of tubular carcinoma, grade II, stained with Feulgen 
(400× magnification). (A) Image acquisition by the software with brightness correction. (B) Selection of the image with the 
green color channel (Split Channels function). (C) Image after threshold adjustment and application of the particle separation 
process (Watershed). (D) Particles measured using the “Analyze Particles” function, with a size selection interval of 40-170 µm2 
to eliminate nuclei of defense cells (31.9 µm2).
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2.6 Statistical analysis 

Data from the Feulgen staining nuclear measurements were presented as mean and standard 

deviation according to classification type and malignancy grade of the studied neoplasms. The Shapiro-

Wilk normality test was applied, and ANOVA followed by Tukey’s post hoc test was used to analyze the 

three carcinoma classifications. Student’s t-test was used to compare different malignancy grades within 

the same carcinoma classification.

3. Results
The total number of cases analyzed by histomorphological classification and malignancy grade is 

shown in Table 1.

Table 1.  Total histological classification and malignancy grade of canine mammary tumors

Histological classification Malignancy 
grade I

Malignancy 
grade II

Malignancy 
grade III

Total

Tubulopapillary carcinoma 55 11 0 66
Complex carcinoma 14 0 0 14
Solid carcinoma 0 10 9 19

Feulgen strongly stained DNA in magenta, ensuring accurate identification and delimitation of cell 

nuclei compared to H&E staining. The other cellular components exhibited clear eosinophilic staining 

or remained unstained (Figure A2, B2, C2). Among the carcinoma types evaluated, SC and CC showed 

greater nuclear density and pleomorphism compared to TPC (Figure 2).

Nuclei of  TPC showed moderate to marked pleomorphism, arranged in two or more rows of 

epithelial cells forming a tubular aspect. The chromatin was hyperchromatic and disorganized, and 

nucleoli were mainly located in the nuclear periphery. The epithelial and myoepithelial cells of CC were 

organized in tubules or irregular bundles, with central nuclei ranging from round to ovoid shapes, 

displaying dotted chromatin and small central nucleoli. In SC samples, the nuclei showed marked 

pleomorphism, distributed in solid, hyperchromatic rows or strands without a uniform pattern, with 

disorganized chromatin and nucleoli predominantly located at the nuclear periphery (Figure 2).

  
Figure 2. Photomicrographs of canine mammary tumors. (A1) Tubulopapillary carcinoma (hematoxylin and eosin, HE): 
neoplastic cells arranged in tubules forming papillary structures, with evident nuclear pleomorphism. (A2) Tubulopapillary 
carcinoma (Feulgen): malignant nuclei stained magenta. (B1) Solid carcinoma (HE): cords of cells forming solid sheets or 
lobules, with pleomorphic nuclei showing chromatin stippling. (B2) Solid carcinoma (Feulgen). (C1) Complex carcinoma 
(HE): disorganized cells lacking clear boundaries, with pleomorphic nuclei and chromatin stippling. (C2) Complex carcinoma 
(Feulgen). With Feulgen staining, nuclei are sharply distinguished from the unstained background, facilitating morphometric 
analysis. Magnification ×400.
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A total of 25,180 nuclei were analyzed (8,878 TPC, 8,604 SC, and 7,698 CC). SC had a larger nuclear 

area and perimeter (Table 2) compared to CC and TPC. The Feret value was higher for TPC than for CC, 

but neither showed a difference from SC. Circularity in CC cells was significantly higher than in the other 

subtypes.

Table 2. Mean, standard deviation, and p-value of nuclear area, nuclear perimeter, Feret, and circularity of canine 
mammary tumors

Diagnosis                        (p)

Area, µm2 (mean ± standard deviation)

Tubulopapillary carcinoma 77.00 ± 0.314a                              < 0.0001
Complex carcinoma 80.75± 0.365b

Solid carcinoma 85.40 ± 0.316c

Nuclear perimeter, µm2 (mean ± standard deviation)
Tubulopapillary carcinoma 45.13 ± 0.123a < 0.0001
Complex carcinoma 47.39 ± 0.138b

Solid carcinoma 48.33 ± 0.122c

Feret, µm2 (mean ± standard deviation)
Tubulopapillary carcinoma 13.69 ± 0.096 a 0.0125
Complex carcinoma 13.44 ± 0.031 b

Solid carcinoma 13.50 ± 0.026 ab 
Circularity, µm2 (mean ± standard deviation)

Tubulopapillary carcinoma 0.113 ± 0.002a < 0.0001

Complex carcinoma 0.464 ± 0.001b

Solid carcinoma 0.236 ± 0.003c

Mean, standard deviation and p-value of nuclear area, nuclear perimeter, Feret, and circularity of canine mammary tumors: a, b, c 
in the rows indicate statistical differences between groups by One-way ANOVA with Tukey’s post-test at a 5 % significance level 
(p <0.05). 

Among the malignancy grades (Table 3), grade I TPC had smaller area, perimeter, and circularity 

compared to grade II TPC. The Feret value was higher in grade I than in grade II. Among the SC grades, a 

larger area, perimeter, and Feret value were observed for grade II compared to grade III, with circularity 

being the only major parameter for grade III SCs. Malignancy grade analysis was not possible for CC, as 

all samples were grade I.
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Table 3. Mean, standard deviation, and p value of nuclear area, nuclear perimeter, Feret, and circularity of canine 
mammary tumors according to malignancy grade

Diagnosis (p) Histological grade (mean ± standard deviation)

Area, µm2

Tubulopapillary carcinoma (p= 0.0001) Grade I (67.34 ± 0.41) Grade II (82.85 ± 0.42)
Solid carcinoma (p=0.0121) Grade II (88.39 ± 0.68) Grade III (86.36 ± 0.47)
Complex carcinoma Grade I (80.75± 0,37) ---

Nuclear perimeter, µm2

Tubulopapillary carcinoma (p= 0.0001) Grade I (41.44 ± 0.18) Grade II (47.21 ± 0.16)

Solid carcinoma (p=0.0001) Grade II (49.37 ± 0.28) Grade III (48.02 ± 0.14)

Complex carcinoma Grade I (47.39 ± 0.14) ---
Feret, µm2

Tubulopapillary carcinoma (p=0.0069) Grade I (14.02 ± 0.25) Grade II (13.49 ± 0.04)
Solid carcinoma (p=0.0006) Grade II (13.66 ± 0.05) Grade III (13. 45 ± 0.03)
Complex carcinoma Grade I (13.44 ± 0.03) ---

Circularity, µm2

Tubulopapillary carcinoma (p=0.0001) Grade I (0.015 ± 0.002) Grade II (0.017 ± 0.002)

Solid carcinoma (p=0.0001) Grade II (0.149 ± 0.005) Grade III (0.155 ± 0.004)

Complex carcinoma Grade I (0.464 ± 0.001) ---
A significance level of 5 % (p <0.05) indicates statistical differences between groups using the t-test.

4. Discussion

The present study demonstrated the applicability of Feulgen staining for nuclear morphometric 

analysis in canine mammary carcinomas using an open-source computer program - ImageJ. Destexhe et 
al. (16) also applied Feulgen staining to canine mammary tumors using cytocentrifuged preparations of 

stained nuclei to evaluate ploidy, S-phase fraction, and nuclear area in benign and malignant lesions. The 

study showed that the mean nuclear surface area was significantly smaller in malignant lesions (7,062 

μm2) compared to benign ones (7,745 μm2; p < 0.05).

Although our study did not include the analysis of benign lesions, the values obtained for malignant 

lesions (16) were close to those described for tubulopapillary carcinoma. These findings reinforce the 

potential of nuclear morphometry as a complementary tool in the diagnosis and prognosis of mammary 

neoplasms, while also highlighting the need for future studies encompassing different histological 

subtypes, including benign lesions, to better elucidate the morphometric patterns associated with 

tumor progression.

Nuclear DNA content can be determined by image cytometry analysis (static cytometry), which can 

be performed by analyzing images of Feulgen-stained paraffin sections, allowing direct visualization 

of the analyzed cells and simultaneously analyzing morphological characteristics when flow cytometry 

is not possible (17). The Feulgen reaction consists of two steps: the first is acid hydrolysis, usually 

performed with an HCl solution. The second step consists of treating the fragment with Schiff's reagent, 

a leukoderivate of basic fuchsin (8). Several studies have reported the use of Feulgen staining and its 

usefulness in nuclear morphometry research (18-21).  This simple, inexpensive, and reliable histochemical 

method enables nuclear analysis of cancer cells, and the evaluated parameters can assist in the diagnosis 

of canine mammary neoplasms.



Ciência Animal Brasileira | Brazilian Animal Science, v.26, 82640E, 2025.

Rodrigues, A P et al., 2025.

Nuclear morphometry was first introduced in humans as a prognostic parameter in prostatic 

adenocarcinomas in 1982 (22), establishing its role in oncological research. Since then, advances in 

bioimage analysis technologies have significantly enhanced the precision and reproducibility of nuclear 

assessment. Image analysis systems are particularly valuable when quantitative accuracy is required, as 

they reduce observer-dependent variability and enable standardized data acquisition. In the biomedical 

field, bioimage software has become indispensable, allowing the extraction of diagnostically and 

prognostically relevant information from photomicrographs in a cost-effective manner (23).

Among the most widely used platforms is ImageJ (24), developed by the National Institutes of 

Health (NIH), which has gained prominence not only due to its accessibility but also because of its open-

source nature, fostering community-driven innovation through plug-in development. Despite these 

advantages, challenges remain regarding the standardization of analytical protocols, the integration of 

morphometric data with clinical outcomes, and the interpretation of results across diverse tumor types.

In multicenter studies of canine mammary neoplasms, simple tubulopapillary carcinoma 

was reported as the most frequent malignant type (256 out of 999 cases, approximately 25.6 %) (25). 

A retrospective study identified this histological subtype in 15.7 % of the analyzed tumors (26), while 

epidemiological data from the Canary Islands reported frequencies ranging from 24.7 % to 29.7 % across 

different time periods (27), which was also evidenced in our study.

The results of the present study demonstrate that the parameters of nuclear area and perimeter 

are higher in SC than in TPC or CC. In a study with similar objectives and results, but conducted with 

cells obtained by fine-needle aspiration biopsy, stained with Hemacolor and analyzed using Image Pro 

Plus, the mean nuclear area for TPC was 89.70 μm² (± 15.02) and for SC 111.11 μm² (± 28.38). The mean 

perimeter value for TPC was 34.47 μm (± 4.27) and for SC 38.62 μm (± 6.03) (15), similar to those observed 

in the present study. These findings demonstrate that these parameters are higher in malignant lesions 

as a result of increased nuclear biological activity and accumulation of abnormal genetic material during 

carcinogenesis (28).

Among the types of canine mammary cancer, SC has a more aggressive biological behavior 

compared to TPC and CC (29), and nuclear alterations are expected to be more evident in aggressive types, 

consistent with the findings of this study. Similar results were observed in a comparative study (30) of 

cytology in benign and malignant breast neoplasms in women, in which malignant neoplasms exhibited 

higher nuclear area values. Nuclear morphometry was also employed in a study of prostate cancer in 

dogs, which showed that nuclei of neoplastic cells were larger, with greater variation in nuclear size and 

shape compared to normal and hyperplastic cells (31).

The parameter used as a form factor in this study was circularity, which demonstrated that CC cells 

have nuclei with shapes closer to a circle when compared to those of SC and TPC. In this study, Feret's 

parameter, which measures the diameter of a particle with irregular margins, demonstrated that CC nuclei 

were smaller than those of TPC. These two measurements indicate the degree of anisocariosis (18), that is, 

the variation in nuclear size among cells of the same type. In the present study, CC nuclei were found to 

be more rounded and less irregular than those of the other subtypes. In a human study evaluating non-

metastatic renal carcinomas, nuclear shape was described as the most important factor for predicting 

neoplastic recurrence, and tumors composed of more rounded nuclei had a worse prognosis (32).
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However, in another study on osteosarcomas, the authors reported that patients with large, round 

tumor nuclei had a better prognosis than those with small and polymorphic nuclei (33). Considering 

the findings of the present study, CC showed more rounded nuclei, and among the analyzed tumor 

subtypes, it is not the most aggressive type nor the one associated with the worst prognosis according 

to the literature (1,14). Therefore, nuclear parameters are specific to each tumor type and should be used 

with caution in defining prognosis, requiring further studies to optimize their application.

Regarding histological grades, TPC showed lower mean values for area, perimeter, and circularity in 

grade I than in grade II, which corresponds to an increase in nuclear size and accumulation of abnormal 

genetic material in cancers with a higher degree of malignancy (28). In SC, the area, perimeter, and Feret 

values were higher in grade II than in grade III, and only circularity was lower in grade III. Our findings 

regarding circularity were similar to another study showing that large and round tumor nuclei were 

associated with a better prognosis than small, polymorphic nuclei (1,3). Thus, circularity appears to be 

a good criterion for morphometric evaluation in indicating a higher degree of malignancy. However, 

further studies combined with clinical information would improve the understanding of the present 

results.

The Feulgen method, when combined with microscopy-based approaches, enables the comparison 

of histomorphological data, allowing the specific detection of variations in DNA content and intensity 

among nuclei (34). The use of computational tools such as ImageJ, which can analyze and quantify nuclear 

structures, is essential to reduce the subjectivity inherent in qualitative assessments. Therefore, we argue 

that lesion staging and the evaluation of benign and malignant tumors should increasingly rely on 

methodologies that assist pathologists in minimizing diagnostic subjectivity.

Despite advances, challenges remain in standardizing protocols, harmonizing analytical 

approaches, and translating nuclear morphometry into routine clinical workflows. However, future 

prospects are promising. The integration of bioimaging analysis with artificial intelligence and deep 

learning is expected to overcome current limitations, enabling the automated detection of subtle 

morphometric variations and predictive modeling of tumor behavior. Furthermore, incorporating 

nuclear morphometry and Feulgen-based DNA quantification within the broader framework of digital 

pathology may facilitate improved reproducibility and accelerate the validation of quantitative imaging 

biomarkers (34). Collectively, these developments suggest that nuclear morphometry, supported by 

Feulgen staining and advanced computational tools, will evolve from a supporting methodology into a 

core component of nuclear morphometric pathology studies.

5. Conclusion

Feulgen staining enabled accurate and reliable morphometric analysis of canine mammary 

carcinoma nuclei when combined with the ImageJ analysis tool. Carcinomas with a higher degree of 

malignancy had larger nuclear morphometric parameters, particularly nuclear area and perimeter. These 

measurements were more accurate for differentiating carcinoma types, while nuclear circularity was 

better for assessing malignancy grades. Although the results demonstrate morphometric distinctions 

between carcinoma types and malignancy grades, further investigation is needed. Studies including a 

larger number of cases and systematic evaluation of other malignant and benign lesions are suggested to 

expand these observations and provide a more comprehensive understanding of nuclear morphometric 

variation across the spectrum of canine mammary lesions.
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