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Abstract 
This study focuses on the analysis of geometric descriptors that can be applied in breast cytology, and their correlation with the qualitative 
features, with the aim to underline the differences between the benign and malignant cell profile. The morphometric investigation was 
performed on smears obtained by fine needle aspiration, 10 cases (group 1) diagnosed as benign and 10 cases (group 2) as malignant. 
For group 2, the malignancy was histopathologically confirmed on the surgical resection specimen. The sequence of automated operation, 
previously reported by us, permitted the extraction of the following geometrical descriptors: cytoplasmic area, nuclear area, nucleo-
cytoplasmic ratio, equivalent diameter and form factor. We analyzed the differences between the benign and malignant morphometric 
features, and the correlation between the malignant morphometric features and cytological, respectively histological grading. Statistically 
significant difference in cytoplasmic areas, nuclear areas, value of nucleo-cytoplasmic ratio and equivalent diameter was noted between 
group I and II. For the form factor, we did not register statistically significant differences. For group 2, the correlation between the morphometric 
features and cytological grading revealed that the nuclear area is the most valuable descriptor, due to the significant differences between 
the three successive grades of cytological severity, followed by the cytoplasmic area and equivalent diameter, their numerical values 
presenting significant differences between cytological grade 1 and 3, and 2 and 3, respectively. The statistical analysis between the 
morphometric features and histological grading showed that nuclear area and equivalent diameter are the most viable indicators, due to 
the significant differences present between the three successive grades of pathologic severity, followed by cytoplasmic area (significant 
differences only for grade 2 versus 3) and for nucleo-cytoplasmic ratio (significant differences only for grade 1 versus 2). The form factor 
does not provide information that could be correlated with the cytological or histological grading. The defined morphometric features enable 
the characterization of benign and malignant cells and provide objective criteria that could support a differentiation of benign from the 
malignant pathology in the cytological diagnosis. 
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 Introduction 

Breast cancer is the most frequent neoplasia that afflicts 
women, with a continuously increasing morbidity and 
mortality – despite the advances registered in early 
diagnosis and adjuvant therapy [1]. 

For mammary lesions, fine needle aspiration is a 
routine clinical procedure, replacing frequently classic 
biopsy. This technique is used for the diagnosis of solid 
palpable or cystic lesions or for impalpable lesions, 
detected by mammogram, ultrasound or magnetic 
resonance [2]. For optimal results, the procedure must 
be performed by an experienced pathologist, who can 
obtain the medical history directly from the patient. 

The role of the pathologist in the evaluation of breast 
cytology is sometimes more difficult than in the 
formulation of the histological diagnosis, due to its 
inherent high degree of subjectivity [3]. This is the 
reason why the conventional cytological evaluation, based 
on the subjective assessment of microscopic characteristics 
and requiring solid theoretical and practical knowledge, 
is always accompanied by a series of semi-quantitative 

criteria, in order to provide information as objective as 
possible, which could allow for a precise classification. 

These criteria, applied in the cytological and pathologic 
diagnosis, were completed in the last decades by the 
facilities of computer-assisted image analysis, which  
led to the development of computerized morphometry 
techniques, with quantitative results that can be transferred 
towards the characterization of malignant transformation. 

The review of the literature shows that the majority 
of the computerized morphometry studies focused on 
breast cytology investigate mainly the nuclear features. 
The most viable morphometric parameters evaluated 
are: nuclear area, nuclear diameter, convex area, convex 
perimeter and perimeter [3–9], anisonucleosis, chromatin 
and irregularity of nuclear membrane [10]. Besides  
the computerized morphometry investigation, for the 
distinction between benign and malignant profile there 
were submitted other approaches: gradient-oriented 
contrast, automated chromatin texture analysis [11], 
fractal dimension of malignant and benign cells [12]. 

Specifically, our main objective was the analysis of 
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cell and nuclear geometric descriptors that can be applied 
in breast cytology, and their correlation with the qualitative 
features, with the aim to underline the differences between 
the benign and malignant cell profile. 

 Materials and Methods 

The study group consisted of 20 patients investigated 
by fine needle aspiration cytology, selected from the 
records of Cytopath Laboratory SRL, Brăila, Romania. 
From the point of view of the cytological diagnosis, 10 
cases were classified as benign (group 1) and 10 cases 
as malignant lesions – ductal carcinoma (group 2). For 
group 2, the cytological diagnosis included the grading 
according to Black nuclear grading system, modified by 
Fisher [13]. Patients from group 2 were later admitted 
and treated in County Hospital Brăila. The pathologic 
examination of the specimen obtained through surgical 
resection confirmed the diagnosis of ductal carcinoma 
and was completed by histological grading [14]. 

The morphometric investigation was performed with 
the use of the software environment Zeiss KS400, and 
entailed the conception of MAMAR_CIT macro, applicable 
for all the cases in the study group [15]. 

A detailed presentation of our original computerized 
technique was reported in one of our previous studies that 

focused exclusively on the presentation of the automated 
operation technique [15]. 

The measurement parameters, defined by the macro, 
were: cytoplasmic area, nuclear area, nucleo-cytoplasmic 
ratio, equivalent diameter and form factor [15]. A database 
was created for the registration of the numerical data 
yielded by the measurements, able to allow the individual 
or cumulated extraction of the data and its organization 
in tables. The database was created so as to ensure  
the separate summarization of all numeric information 
corresponding to each case in part – specifically, of the 
cells selected from the digitized images taken from each 
smear. 

For the statistical analysis, we used the Student’s t-test. 

 Results 

Morphometric features in benign and malignant 
cytology 

For each case individually, based on the numerical 
information corresponding to the measurements performed 
on all selected cells, mean ± SD was computed for all 
five parameters defined: cytoplasmic area, nuclear area, 
nucleo-cytoplasmic ratio, equivalent diameter and form 
factor (Tables 1 and 2). 

Table 1 – Numerical values of geometrical descriptors: benign cytology 

Case No. Cells (number) 
A_cit 

(mean±SD, μm2) 
A_nucl 

(mean±SD, μm2) 
Nc/Cit 
(mean) 

D 
(mean±SD, μm) 

F 
(mean±SD) 

1. 208 56.04±9.56 63.20±10.78 0.53 8.95±0.74 0.87±0.03 

2. 150 23.51±3.10 47.75±6.28 0.67 7.78±0.50 0.90±0.05 

3. 175 30.64±9.07 52.18±15.45 0.63 8.14±1.12 0.79±0.15 

4. 200 42.97±7.52 59.35±8.76 0.58 8.68±0.62 0.82±0.09 

5. 250 31.52±8.03 47.28±12.05 0.60 7.74±0.94 0.93±0.05 

6. 186 35.42 ±4.92 65.78±9.15 0.65 9.14±0.61 0.85±0.08 

7. 240 49.35±17.28 45.56±15.95 0.48 7.60±1.23 0.78±0.13 

8. 166 29.81±8.43 50.76±14.36 0.63 8.02±1.07 0.84±0.08 

9. 158 37.22±5.62 55.83±8.43 0.60 8.42±0.61 0.90±0.03 

10. 217 45.73±10.67 49.55±11.55 0.52 7.93±0.87 0.76±0.13 

Group 1 1950 38.21±10.10 53.72±7.02 0.8 8.24±0.53 0.84±0.05 

*A_cit – Cytoplasmic area; A_nucl – Nuclear area; Nc/Cit – Nucleo-cytoplasmic ratio; D – Equivalent diameter; F – Form factor. 

Table 2 – Numerical values of geometrical descriptors: malignant cytology 

Case No. Cells (number) 
A_cit 

(mean±SD, μm2) 
A_nucl 

(mean±SD, μm2) 
Nc/Cit 
(mean) 

D 
(mean±SD, μm) 

F 
(mean±SD) 

1. 205 74.47±18.30 280.15±31.45 0.79 18.86±1.03 0.87±0.13 

2. 170 32.33±13.47 183.25±77.20 0.85 15.25±2.93 0.88±0.07 

3. 210 44.43±12.84 189.43±54.76 0.81 15.51±2.10 0.82±0.15 

4. 185 52.16±20.32 165.18±48.12 0.76 14.48±1.97 0.90±0.03 

5. 240 85.34±28.33 219.45±72.86 0.72 16.69±2.57 0.90±0.08 

6. 150 77.50±9.64 232.50±25.80 0.75 17.18±0.93 0.90±0.06 

7. 230 44.53±13.02 157.89±46.18 0.78 14.16±1.95 0.87±0.05 

8. 190 37.55±9.30 212.78±52.95 0.85 16.43±1.84 0.90±0.07 

9. 250 42.67±9.09 208.35±44.39 0.83 16.26±1.65 0.83±0.09 

10. 180 49.31±14.07 240.77±68.72 0.83 17.48±2.34 0.85±0.07 

Group 2 2010 54.02±18.34 208.97±37.00 0.79 16.23±1.43 0.87±0.03 

*A_cit – Cytoplasmic area; A_nucl – Nuclear area; Nc/Cit – Nucleo-cytoplasmic ratio; D – Equivalent diameter; F – Form factor. 
 

The statistical analysis performed in the comparison 
benign versus malignant cytology indicated significant 
differences between cytoplasmic areas (p=0.02), nuclear 
areas (p<0.001), value of nucleo-cytoplasmic ratio 

(p<0.001) and equivalent diameter (p<0.001). For the 
form factor, we did not register statistically significant 
differences (p=0.14). 
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Morphometric features in malignant cytology 
versus cytological grading 

With respect to the cytological grading, the classifi-
cation of the 10 malignant smears was: 

▪ Grade 1 (Figure 1): cases 2, 4 and 7; 
▪ Grade 2 (Figure 2): cases 3, 8 and 9; 
▪ Grade 3 (Figure 3): cases 1, 5, 6 and 10. 

 
Figure 1 – Mammary smear, cytological grade I (×40). 

 
Figure 2 – Mammary smear, cytological grade II (×40). 

 
Figure 3 – Mammary smear, cytological grade III (×40). 

Table 3 shows the correspondence between the evaluated 
morphometric parameters and cytological grading, taking 
into consideration that we computed the mean value of 
these parameters, based on the individual mean values of 
the cases classified into each category of cytological grading. 

Table 3 – Numerical values of geometrical descriptors: 
malignant cytology, according to the cytological grading 

Cytological 
grade 

A_cit 
(mean±

SD, μm2)

A_nucl 
(mean± 

SD, μm2) 

Nc/Cit 
(mean)

D 
(mean±
SD, μm) 

F 
(mean±

SD) 

1 
43.00±
10.00 

168.77± 
13.05 

0.79 
14.63± 

0.56 
0.88±
0.01 

2 
41.55±
3.57 

203.52± 
12.40 

0.83 
16.06± 

0.48 
0.85±
0.04 

3 
71.65±
15.58 

243.21± 
26.13 

0.77 
17.55± 

0.93 
0.88±
0.02 

*A_cit – Cytoplasmic area; A_nucl – Nuclear area; Nc/Cit – Nucleo-
cytoplasmic ratio; D – Equivalent diameter; F – Form factor. 

The statistical analysis revealed the presence of signi-
ficant differences between the morphometric parameters, 
in correlation with the cytological grading, as follows: for 
cytoplasmic area – grade 1 versus grade 3, grade 2 versus 
grade 3; for nuclear area, between all grades; for equivalent 
diameter – grade 1 versus grade 3, grade 2 versus grade 3 
(Table 4). We noted the absence of significant differences 
for the cytoplasmic area and the equivalent diameter – 
grade 1 versus grade 2, and for the nucleo-cytoplasmic 
ratio and form factor – for all grades (Table 4). 

Table 4 – Results of statistical analysis between the 
morphometric parameters, in correlation with the 
cytological grading 

Cytological 
grade 

A_cit 
(mean±

SD, μm2)

A_nucl 
(mean± 

SD, μm2) 

Nc/Cit 
(mean) 

D 
(mean±
SD, μm)

F 
(mean±

SD) 
1 vs. 2 0.86 0.03 0.47 0.13 0.19 

1 vs. 3 0.03 0.005 0.53 0.003 0.83 

2 vs. 3 0.02 0.05 0.09 0.04 0.36 

*A_cit – Cytoplasmic area; A_nucl – Nuclear area; Nc/Cit – Nucleo-
cytoplasmic ratio; D – Equivalent diameter; F – Form factor. 

Morphometric features in malignant cytology 
versus histological grading 

Based on the corresponding histological diagnosis 
for the 10 malignant smears investigated, we performed 
the reclassification of the cases in correlation with the 
histological grading, the distribution of the cases being 
presented in Table 5. 

Table 5 – Correspondence between the cytological and 
histological grading of the cases 

Histological grade 

1 2 3 Cytological 
grade 

Cases 
(number) Cases 

(number) 
Cases 

(number) 
Cases 

(number) 
1 3 2 1  

2 3  1 2 

3 4  1 3 

We would like to point out that the best diagnosis 
overlap was recorded for grades 1 and 3, i.e., two of the 
three cases graded cytologically as grade 1 had the same 
histological grade and three of the four cases graded 
cytologically as grade 3 had the same histological grade. 
The classification modifications were: 

▪ One case with cytological grade 1 had histological 
grade 2; 

▪ Two cases with cytological grade 2 had histological 
grade 3; 

▪ One case with cytological grade 3 had histological 
grade 2. 
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Table 6 shows the correspondence between the 
evaluated morphometric parameters and histological 
grading, taking into account that we computed the mean 
value of these parameters, based on the individual mean 
values of the cases classified into each category of 
histological grading. 

Table 6 – Numerical values of geometrical descriptors: 
malignant cytology, according to the histological 
grading 

Histological 
grade 

A_cit 
(mean± 

SD, μm2) 

A_nucl 
(mean±

SD, μm2) 

Nc/Cit 
(mean) 

D 
(mean±
SD, μm) 

F 
(mean±

SD) 

1 
48.34± 
5.39 

161.53±
5.15 

0.77 
14.23±
0.22 

0.88±
0.02 

2 
38.10± 
6.06 

195.15±
15.57 

0.83 
15.72±
0.62 

0.86±
0.04 

3 
65.85± 
18.71 

236.24±
27.48 

0.78 
17.29±
0.99 

0.87±
0.03 

*A_cit – Cytoplasmic area; A_nucl – Nuclear area; Nc/Cit – Nucleo-
cytoplasmic ratio; D – Equivalent diameter; F – Form factor. 

The statistical analysis revealed the presence of signi-
ficant differences between the morphometric parameters, 
in correlation with the histological grading, as follows: for 
cytoplasmic area – grade 2 versus grade 3; for nuclear 
area, between all grades; for nucleo-cytoplasmic ratio – 
grade 1 versus grade 2; for equivalent diameter – between 
all grades (Table 7). We noted the absence of significant 
differences for the cytoplasmic area – grade 1 versus grade 
2, grade 1 versus grade 3, for the nucleo-cytoplasmic 
ratio – grade 1 versus grade 3, grade 2 versus grade 3 
and for the form factor – between all grades (Table 7). 

Table 7 – Results of statistical analysis between the 
morphometric parameters, in correlation with the 
histological grading 

Histological 
grade 

A_cit 
(mean± 

SD, μm2) 

A_nucl 
(mean±

SD, μm2) 

Nc/Cit 
(mean) 

D 
(mean±
SD, μm) 

F 
(mean±

SD) 
1 vs. 2 0.16 0.05 0.02 0.04 0.56 

1 vs. 3 0.41 0.002 0.5 0.04 0.56 

2 vs. 3 0.02 0.03 0.08 0.03 0.91 

*A_cit – Cytoplasmic area; A_nucl – Nuclear area; Nc/Cit – Nucleo-
cytoplasmic ratio; D – Equivalent diameter; F – Form factor. 

 Discussion 

Our endeavor must be correlated with the computerized 
morphometry studies in breast cytology, published in 
the mainstream [3–10, 16]. Our study completes the 
permanent preoccupations focused on the identification 
and validation of the most viable morphometric parameters 
that allow a safe differentiation between the benign and 
malignant cell populations. 

Departing from the observation that the majority of 
the morphometric reports are focused on the nucleus, 
we introduced, supplementary, cytoplasmic area and 
nucleo-cytoplasmic ratio and with respect to the nucleus 
– equivalent diameter and form factor. The equivalent 
diameter is computed based on the hypothesis that the 
regions corresponding to the nuclei are close in shape to 
a circle. The form factor in relation with circularity 
offers information on the degree of closeness of a region 
to the form of a circle (maximal value 1). The introduction 
of equivalent diameter and form factor was justified by 
their quality to reflect the deviations in the nucleus from 

the spherical shape (three dimensionally) characteristic for 
the normal status. Our results indicated from the point of 
view of the morphometric parameter quantified in benign 
versus malignant cells, the presence of statistically signi-
ficant differences between cytoplasmic areas (p=0.02), 
nuclear area (p<0.001), nucleo-cytoplasmic ratio (p<0.001) 
and equivalent diameter (p<0.001). Surprisingly, despite 
our expectations, significant differences in the nuclear 
specific for the benign and malignant cells, respectively, 
were not validated, fact which is reflected in the values 
of the form factor (p=0.14). 

The data obtained certainly has a contribution to the 
completion of the morphometric profile for benign and 
malignant mammary cells. The relevance of this profile 
must be discussed within the context of the creation of 
an automated classifier for breast lesions, in order to 
differentiate benign and malignant cytological lesions 
[17]. Significant results in this direction were obtained by 
the investigation of 28 nuclear variables, the information 
extracted by segmentation being processed through two 
methods: discriminant analysis and classification and 
regression tree, respectively (CART) [17]. Recently, the 
morphometry based on discriminant analysis was used in 
the evaluation of borderline cases, proving its usefulness 
in the classification of these cases as benign or malignant 
[8]. 

An element that must be discussed is the value of  
the correlation between the morphometric parameters 
corresponding to malignant cells and cytological grading. 
Our results showed significant differences for cytoplasmic 
area, nuclear area and equivalent diameter. The absence 
of statistically significant differences was observed for 
cytoplasmic area, nucleo-cytoplasmic ratio and form 
factor. This data should be interpreted from the point of 
view of the difficulty to differentiate the degree of severity 
of the lesions, in the cytological context suggestive for 
malignancy. According to our numeric results, we can state 
that the morphometric parameter nuclear area is the 
most viable, due to the significant differences between 
the three successive degrees of cytological severity. As 
hierarchy, nuclear area is followed by the morphological 
parameters cytoplasmic area and equivalent diameter, 
their numerical values presenting significant differences 
between cytological grade 1 and 3, and 2 and 3, respect-
ively. By the absence of statistically significant differences, 
our data indicated that the values of nucleo-cytoplasmic 
ratio and form factor do not provide information that could 
be correlated with the cytological grading of severity. 

The morphometric investigation was completed by the 
statistical analysis between the morphometric parameters 
corresponding to malignant cells and histological grading, 
established by the pathologic exam of the cases investi-
gated cytologically at first. In this comparative analysis, 
the morphologic parameter nuclear area maintained the 
main position as viable indicator, with the same signi-
ficant differences present between the three successive 
grades of pathologic severity – grade 1 versus grade 2 
(p=0.05), grade 1 versus grade 3 (p=0.002), grade 2 versus 
grade 3 (p=0.03). For cytoplasmic area, we recorded 
significant distinctions only for histological grade 2 versus 
3 (p = 0.02) and for nucleo-cytoplasmic ratio, only for 
histological grade 1 versus 2 (p=0.02). Form factor did not 
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present statistically significant differences in correlation 
with histological grading. Consequently, these results 
underline the relative dissimilarities and resemblances 
or overlaps between cell morphology specific for cyto-
logical and pathologic exam, respectively. The value of 
nuclear area established by cytology morphometry can 
be extrapolated for the assessment of histological grading 
specific for the pathologic exam, and this morphometric 
parameter is doubled by the value of equivalent diameter. 
The cytoplasmic area decreases its value in correlation 
with the histological grading, and nucleo-cytoplasmic ratio 
could be taken into consideration in the comparison 
histological grade 1 versus 2. Thus, we can state that the 
quantitative determinations on cytological specimens 
allow the formation of a relative correspondence with 
the severity degree of lesions, established by pathologic 
exam, based on the values for nuclear area and equivalent 
diameter. 

The literature shows constant interest for the compa-
rison between cytological and pathologic results, including 
through morphometry. In mammary lesions where initially 
there is a cytological diagnosis of atypia, we can notice 
a “grey area”, still incompletely defined qualitatively 
and quantitatively, where we can find lesions from 
proliferative fibrocystic disease until sclerotic adenosis 
and malignancy [10]. In the morphometric analysis of 
cells correspondent to diagnoses of fibroadenoma and 
invasive ductal carcinoma, confirmed by histology, nuclear 
area, nuclear diameter, convex area, convex perimeter 
and perimeter were significantly increased from benign 
lesions to grade 1 carcinoma and from grade 1 carcinoma 
to grade 2 and 3 carcinoma, without significant differences 
between grade 2 and 3 [4]. Similarly, information regarding 
nuclear area, diameter, perimeter, convex perimeter, 
convex area and roundness of cells in smears with 
benign and borderline lesions suggestive for infiltrative 
lobular carcinoma and infiltrative ductal carcinoma 
(confirmed by histology) allow the differentiation of the 
smears from lobular and ductal carcinoma, but cannot 
contribute to the differentiation of benign and borderline 
lesions from lobular carcinoma [16]. 

In the case of the analysis of benign pathology 
exclusively, difficulties are reported in the separation of 
the pathologic entities fibroadenoma and fibroadenoma 
with atypia, including the objective nuclear morphometric 
criteria, approaches like chromatin texture and fractal 
dimensions being required [6]. 

The originality of this research is ensured by the 
introduction and evaluation of equivalent diameter and 
form factor among the selected morphological parameters, 
by the confirmation of the value of equivalent diameter 
and the development of expertise through the designed 
and implemented technique. 

 Conclusions 

The defined morphometric features enable the 
characterization of benign and malignant cells and provide 
objective criteria that could support a differentiation of 
benign from the malignant pathology in the cytological 
diagnosis. 
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