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IntrOductIOn 
Cervical cancer is the second most common malignancy in 
women worldwide [1]. It is the most common gynecological cancer 
in developing countries like India and one of the leading causes 
of deaths amongst women. Cervical cancer begins with a pre-
cancerous stage, known as dysplasia which takes many years to 
develop from a normal cell. A diagnosis of cancer or a precancerous 
condition depends on the detection of abnormal cells on a Pap 
smear by cytopathologist [2].

Pap smear screening is still the primary modality in detecting 
premalignant lesions and carcinoma of cervix, which has resulted 
in marked reduction in incidence and mortality of cervical cancer 
by 85% [3].

The mortality related to cervical cancer can be substantially reduced 
through early detection and treatment. Therefore cytological 
evaluation still plays an important role for early detection of dysplasia 
or pre-invasive cervical carcinomas. However, errors from sampling, 
screening and interpretation, still concealed some unpleasant 
results [4].

The accuracy of the cytological diagnosis on pap smears mainly 
depends on the morphological features characteristic of dysplastic 
or malignant cells. Cytological changes caused by infections, 
drugs, hormonal fluctuations may closely resemble pre-malignant 
or malignant changes cytomorphologically [2]. In these cases 
colposcopy is required for differential diagnosis, which creates 
anxiety among patients [5]. When abnormal cells are detected, 
the precise categorization into premalignant or malignant is highly 
subjective.

To minimize the false negative results, many authors such as 
Cowpe et al., [6] Goldsby  et al., [7] have suggested the utilization 
of quantitative techniques, based on the evaluation of parameters, 
such as nuclear area (NA), cytoplasmic area (CA), and nucleus- to- 
cytoplasmic area ratio (NA/CA) [8]. This may increase the sensitivity 
for early diagnosis of pre-malignant and malignant lesions. Studies 
on nuclear morphometric analysis of cervical smears are limited; 
hence we have undertaken this study.

Aim
To compare the nuclear morphometric parameters of premalignant 
and malignant lesions in cervico-vaginal pap smears.
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ABStrAct
Background: Cervical cancer is the second most common 
cancer occurring among women worldwide, with almost half a 
million new cases each year. Normal cells gradually transform 
to form cancer cells through several stages. So, the changes 
occurring during the transformational stages need to be 
assessed. 

Aim: Our aim was to study various nuclear parameters useful 
in evaluating pre-malignant and malignant cervico-vaginal pap 
smears.

Materials and Methods: Bethesda System was used to 
categorize cervical pap smears into premalignant and malignant 
lesions. Nuclear parameters were calculated using J 1.44C 
morphometric software. Several nuclear size parameters were 
analysed.

results: The nuclear area, perimeter, diameter were found to 
be statistically significant (p<0.05) parameters in differentiating 
premalignant from malignant cervical smears.  

conclusion: Nuclear morphometry was thus a useful objective 
tool in differentiating premalignant from malignant cervical 
smears.
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MAterIAlS And MethOdS
Our study was a retrospective analysis of 60 cervical pap smears 
received in our department. Cases selected for our study had 
confirmed histopathological diagnosis. Bethesda system was used 
to categorize cervical smears into 3 groups. 

Group I –LSIL (Low grade squamous intraepithelial lesion -20 
cases)

Group II- HSIL (High grade squamous intraepithelial lesion -20 
cases)

Group III –SCC (Squamous cell carcinoma –20 cases)

Image Analysis
We used a microscope with a 2.5x ocular and a 40x objective to 
visually select a field for analysis. A 640 x 400 pixel digital image 
of the field was produced by a camera on the microscope and 
frame grabber card in a PC. Images were stored in the computer 
memory.  Around 25 nuclei per case were analysed using Image J 
1.44C morphometric software for image processing and analysis 
(JAVA) developed by National Institute of Health (NIH), USA. The 
measurements were made on the cell images in a precise and 
reproducible manner, and stored for analysis. 

nuclear parameters analysed
(a) Radius computed by averaging the length of radial line 

segments from the center of the nuclear mass to each of the 
points of the nuclear border.

(b) Nuclear area was the area within the outlined nuclear 
perimeter.

age distribution Group i = LSiL
nO (%)

Group ii = hSiL Group iii = SCC

21- 30 3 (15%) 1 (5%) --

31-40 6 (30%) 3 (15%) 3 (15%)

41-50 5 (25%) 9 (45%) 4 (20%)

51-60 3 (15%) 6 (30%) 7 (35%)

61-70 3 (15%) 1 (5%) 6 (30%)

Total 20(100%) 20(100%) 20(100%)

[table/Fig-1]: Age distribution of cases
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nuclear 
features

LSiL (a)
(n=20)

Mean +/-SD
(range)

hSiL(B)
Disease (n=20)

Mean +/-SD
(range)

SCC(C)
(n=20)

Mean +/-SD
(range)

anova
P value

   Nuclear 
Area

109.54 +/- 11.13
(98.6-120)

132.7 +/- 17.31*
(117-150)

142.27 +/- 
26.62 *

(116-170)

<0.0001

Perimeter 24.69 +/-1.143
(23.6 – 25.9)

27.12 +/- 1.49 +
(25.4 - 29)

28.18 +/- 2.72 +
(25-30.9)

<0.0001

Diameter 7.72 +/- 0.45
(7.27-8.18)

8.48 +/- 0.56 #
(7.72 – 9.09)

9.06  +/- 0.86 #
 $//(8.18 -9.9)

<0.0001

Radius 3.96 +/- 0.18
(3.7-4.1)

4.31 +/- 0.29**
(4.0-4.65)

4.53 +/- 0.43 **
(4.0-4.8)

<0.0001

Compactness 5.54 +/- 0.045
(5.45- 5.63)

5.56 +/- 0.068
(5.49-5.64)

5.59 +/- 0.10
(5.59-5.63)

>0.05

p-values  

anova Group i -ii Group i-iii Group ii-iii

Nuclear area 0.000005 0.00001 0.00001 0.186

perimeter 0.000001 0.000001 0.0000001 0.135

diameter 0.0000001 0.0000003 0.00003 0.016

Radius range 0.000002 0.00005 0.000003 0.067

compactness 0.123 0.280 0.056 0.287

[table/Fig-6]: Nuclear morphometric analysis between the groups
* Significant difference in nuclear area of HSIL &SCC as compared to LSIL
+ Significant difference in perimeter of HSIL &SCC as compared to LSIL
# Significant difference in diameter of HSIL &SCC as compared to LSIL
$||significant difference in diameter of SCC as compared to HSIL
** Significant difference in radius of HSIL&SCC as compared to LSIL

[table/Fig-7]: P values between groups
Group I – Low  grade squamous intraepithelial lesion (LSIL), Group II – High grade squamous 
intraepithelial lesion (HSIL), Group III – Squamous cell carcinoma (SCC)

(c) Perimeter was measured as the distance around the nuclear 
border.

(d) Diameter was the diameter of the circle with the same area as 
the outlined nucleus

(e) Compactness of the cell nuclei calculated using the formula: 
perimeter2 / area [9].

The computer calculated the mean, standard deviation and range 
for all the nuclear features.

Inclusion criteria 
Only LSIL, HSIL and Squamous cell carcinoma were considered for 
the study.

exclusion criteria 
ASCUS, AGUS and Pap smears which did not have confirmed 
histopathological diagnosis     were excluded from the study. 

Ethical clearance was obtained by the Institutional Ethics 
Committee.

StAtIStIcAl AnAlySIS
The results obtained by computerized cytomorphometry were 
compared between the three groups. Data were analysed to evaluate 
the most distinctive morphometric features of all the features 
available. The nuclear parameters between all the 3 groups were 
compared using ANOVA and between the groups using a post hoc 
test i.e., Bonferroni Multiple Comparisons Test. Statistical analysis 
was performed using statistical software Graph Pad In stat. 

A p-value < 0.05 was considered as statistically significant.

reSultS
Our sample size included 60 cases with age ranging from 21-70 
y. The age distribution of the cases is shown in [Table/Fig-1]. The 
clinical diagnoses included routine cervical cancer screening (50%), 
white discharge per vaginum (32%), cervical erosion (12%) and 
growth in the cervix (6%).

The sample was categorized into 3 groups based on cytological 
features:

Group I –LSIL (Low grade squamous intraepithelial lesion -20 
cases)

Group II- HSIL (High grade squamous intraepithelial lesion 20 
cases)

Group III – SCC (Squamous cell carcinoma –20 cases)

cytological features 
LSIL (Low grade squamous intraepithelial lesion): Mild dysplasia (CIN 
I) – Squamous cells arranged in sheets or singly showing enlarged 
hyperchromatic nuclei, increased nuclear: cytoplasmic ratio. Few 
cells show slightly irregular nuclear membrane with distinct and well 
defined cell borders [10] [Table/Fig-2].

[table/Fig-2]: LSIL showing   squamous cell arranged in sheets with mild dysplastic features. (Pap stain,X400) [table/Fig-3]: HSIL showing squamous cells with increased 
nuclear:cytoplasmic ratio with moderate to severe dysplastic features. (Pap stain,X400) [table/Fig-4]: SCC showing squamous cells with features of HSIL with or without 
keratinization and may be associated with tumor diathesis. (Pap stain,X400)

[table/Fig-5]: Nuclear morphometry image analysis representation
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HSIL (High grade squamous intraepithelial lesion): Moderate and 
severe dysplasia (CIN II &III) – Squamous cells showing decreased 
cytoplasmic area with increased nuclear: cytoplasmic ratio. Cells with 
hyperchromatic nuclei with prominent nucleoli, irregular distribution 
of chromatin and irregular nuclear membrane [10] [Table/Fig-3].

SCC (Squamous cell carcinoma): Malignant squamous cells are 
scattered in syncytial like aggregates, these cells shows features of 
HSIL in addition, they contain prominent macro nucleoli and marked 
irregular distribution of chromatin with or without keratinization and 
may be associated with tumor diathesis [10] [Table/Fig-4]  

LSIL were in the age group ranging from 31-40 y, HSIL were seen 
between 41- 50 y and SCC seen between 51-70 y.

Nuclear morphometric analysis was done using Image J 1.44C 
morphometric software for image processing and analysis [Table/
Fig-5].  The basic results of our study are shown in [Table/Fig-6]. 

Using one-way Analysis of Variance (ANOVA), the nuclear area, 
perimeter, diameter were found to be statistically significant (p<0.05). 
For comparisons between the individual groups, we employed 
post hoc test i.e. Bonferroni Multiple Comparisons Test. There 
was significant difference in nuclear area between LSIL (Group I) 
and HSIL (Group II) with a p-value (0.00001), LSIL (Group I) and 
SCC (Group III) with a p-value of (0.00001). There was significant 
difference in perimeter between LSIL (Group I) and HSIL (Group II) 
with a p-value (0.000001), LSIL (Group I) and SCC (Group III) with a 
p-value of (0.0000001) [Table/Fig-7].

There was significant difference in diameter between LSIL (Group 
I) and HSIL (Group II) with a p-value (0.0000003), LSIL (Group I) 
and SCC (Group III) with a p-value of (0.00003) and HSIL (Group 
II) and SCC (Group III) with a p-value (0.016). There was significant 
difference in radius between LSIL (Group I) and HSIL (Group II) 
with a p-value (0.00005), LSIL (Group I) and SCC (Group III) with a 
p-value of (0.000003). 

There was no significant difference in nuclear area (0.186), perimeter 
(0.135), radius (0.067) between HSIL (Group II) and SCC with p 
value of (>0.05). There was no significant difference in compactness 
between all the three groups (Group I- II = 0.280, Group I-III = 0.056, 
Group II -III = 0.287) with p-value (>0.05) [Table/Fig-7].

The mean nuclear area, diameter and perimeter were useful in 
differentiating premalignant from malignant cervical smears. The 
squamous cell carcinoma cells showed higher values for nuclear 
area, perimeter, diameter when compared to LSIL and HSIL.

dIScuSSIOn  
Carcinoma cervix is the second most frequently occurring cancer 
amongst women globally [11]. An estimated 3,71,000 new cases 
of cervical cancers are identified every year and accounts for about 
1,90,000 deaths annually. Developing countries like India account 
for 80% of these cases [12].

Pap smear screening is an essential part of a woman’s routine health 
care. It is a useful screening test to detect abnormal cells, including 
precancerous lesions, as well as malignant cancer cells. Both can 
be treated successfully if diagnosed at early stages. Routine cervical 
cancer screening has been shown to greatly reduce the number of 
new cervical cancers diagnosed each year and deaths from this 
disease [13].

A wide range of reactive, infectious and inflammatory conditions 
may give rise to cells which closely mimic that of pre-cancerous 
or malignant lesion which may lead to misdiagnosis, thus 
endangering patient lives.  This may ultimately have a major impact 
on the management of disease [5,14]. The advantage of cytology 
in differentiating abnormal cells from normal cells has been widely 
recognized and accepted in cervical screening program. However, 
the false negative results may unnecessarily postpone the required 
treatment [5]. Hence, care should be emphasized while reporting 
Pap smears.

Despite well-established screening programs in US, nearly half of 
the cervical cancers come to light only in locally advanced stages. 
In developing countries like India, the disease is usually advanced at 
the time of diagnosis leading to increased mortality among women 
[1]. Hence, our study aimed to explore the possible role of nuclear 
morphometric analysis to improve the sensitivity and specificity for 
detection of pre-cancerous and cancerous conditions.

Cytological criteria for differentiating normal cells from abnormal 
cells are based on change in nuclear size, irregularity of nuclear 
shape and granularity of nuclear chromatin which will be assessed 
by cervical smears based on subjective criteria [4]. In contrast, 
in computed morphometry, the subjective criteria are turned into 
quantitative parameters [4]. The most widely used parameters in 
various malignancies include mean nuclear area, perimeter, diameter 
and N/ C ratio [15,16]. 

In our study, we had confirmed histopathological diagnosis for 
all selected cervical pap smears. LSIL – Mild dysplasia, HSIL – 
moderate to severe dysplasia and SCC – squamous cell carcinoma 
on histopathology.

In the present study the size related parameters (nuclear area, 
perimeter, and diameter) of the nucleus were appropriate 
parameters to differentiate between premalignant from malignant 
cervical smears. These parameters showed significant differences 
between LSIL, HSIL and squamous cell carcinoma which was highly 
significant with p-value < 0.0001. 

Some of the breast studies have also measured long axis and short 
axis as nuclear morphometric parameters, but among the nuclear 
parameters nuclear area and perimeter are important [17-19].

In addition to these basic nuclear morphometric parameters, Murata 
et al., reported 27 morphological nuclear parameters which were 
categorized into more reasonable cytological features to achieve 
better clinical understanding of computed morphometric features 
[20]. 

In a study done by Huang et al.,  on cervical smears  by PC based 
Cyto pathologic Image Analysis System and Support Vector 
Machine(SVM)  showed  that in dysplastic cells, the morphometric 
parameters like perimeter, nuclear area, maximum length, maximum 
width, N/C ratio  were all found to be statistically significant with 
p-value of 0.001. These statistics showed that dysplastic cells 
have larger size (i.e. larger perimeter, area, maximum length, and 
maximum width), higher nuclear proportion (i.e. N/C ratio) [4].

Another study done by Nemec et al.,  used ploidy and chromatin 
pattern analysis as an aid for cervical smear diagnosis to analyse 
the morphology of Feulgen stained cell nuclei in cell populations. 
They showed efficient results to discriminate between normal and 
HSIL groups with 97% specificity and 88% sensitivity [5].  In a 
study done by Prasad et al., on exfoliated buccal mucosal cells in 
diabetes patients by cytomorphometric analysis showed that there 
was statistically significant increase in nuclear diameter in diabetic 
patients compared to controls [21].

In our study there was a gradual increase in nuclear area and 
perimeter in carcinoma when compared to premalignant lesions. 
The nuclear morphometric parameter which could significantly 
differentiate between LSIL and HSIL were nuclear area, perimeter, 
diameter and radius. These four parameters were useful to 
differentiate between LSIL and SCC which was statistically 
significant. Thus nuclear area, perimeter and diameter were highly 
significant in differentiating premalignant from malignant cervical 
smears with p-value of < 0.0001. Compactness was not statistically 
significant in differentiating between all the three groups with p-value 
>0.05 and thus there was no discrepancy noted in compactness of 
cell nuclei in any of the three groups.

cOncluSIOn
Nuclear morphometry is thus a useful objective tool in the 
differentiating premalignant and malignant cervical smears. It is also 
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helpful in diagnostic dilemmas which are encountered especially in 
gray zones on cervical smears, especially by ASCUS or AGUS. By 
combining the findings of clinical examination, cytomorphological 
and nuclear morphometric parameters, we can improve the 
diagnostic accuracy of cervical cancer screening and hence aid 
clinicians to apply appropriate treatment modalities. 

reFerenceS
  [1] Arulponni TR, Janaki MG, Nirmala S, Ramesh BS, Rishi KS, Kirthi K. Carcinoma 

Cervix Treated with Radiotherapy: Our Experience with Emphasis on our 
Concerns. J  Obstet Gynecol India. 2010;60:61-65.

  [2] Woodruff JD, Angtuaco TL, Parmley JH, Kurman R . Atlas of gynecologic 
Pathology. 2 edition: New York; Raven Press1993:1-2.

  [3] Koss LG. The Papanicolaou test for cervical cancer detection. A triumph and  a 
tragedy. JAMA. 1989;33:215-18.

  [4] Po Chi Huang, Yung Kuan Chan, Po Chou Chan, Yung –Fu Chen, Rung Ching 
Chen and Yu–Ruei Huang. Quantitative Assessment of Pap Smear Cells by PC 
Based Cytopathologic Image Analysis System and Support Vector Machine. 
Lecture Notes in Computer Science. 2007;4901:192-99.

  [5] Nemec E,Vandeputte S,Van Pachterbeke R,Vokaer R, Budel V, Deprez C, 
et al. Ploidy and Chromatin Analysis as an Aid for Cervical Smear Diagnosis. 
Histopathol. 2002;17:403-09.

  [6] Cowpe JG, Longmore RB, Green MW. Quantitative Exfoliative Cytology of 
abnormal oral mucosal smears. J R Soc Med. 1988;81:509–13.

  [7] Goldby JW, Newton Gl, Staats OJ. Nuclear and Cellular size variations in clinically 
Normal Exfoliated Buccal Mucosal Cells. Acta Cytol. 1964;8:80-84.

  [8] Punit VP, Sheela K, Veerendra K, Vidya GD. Quantitative Cytomorphometric 
Analysis of Exfoliated Normal Gingival Cells. J Cytol. 2011;28:66-72.

  [9] Wolberg WH, Street WN, Mangasarian OL. Importance of Nuclear Morphology in 
Breast Cancer Prognosis. Clin Cancer Res. 1999;5:3542-50.

[10] Clinicopathological Importance of Papanicolaou Smears for the Diagnosis of  
Premalignant and Malignant lesions of Cervix. J cytol. 2012;29:20-26.

[11] American Cancer society, Cancer facts and figures – 2002, http: // www.Cancer. 
Org, 2002.

[12] Kim SJ. Role of Colposcopy and Cervicography in screening and management 
of precancerous lesions and early Invasive Cancer of Uterine Cervix. J Obstet 
Gynecol India. 2000;50:134-46.

[13] Rajendra AK, Yogesh VK. Screening for Cervical Cancer: An Over view.  J Obstet 
Gynecol India. 2006;56:115-22.

[14] Poulin N, Boiko I, MacAulay C, Charles B, Nishioka K, Hittelman W, et al.  Nuclear  
Morphometry as an Intermediate End point Biomarker in chemo prevention of 
Cervical Carcinoma using αDifluoromethylornithine. Cytometry. 1999;38:214-
23.

[15] Arora B, Setia S, Rekhi B. Role of Computerized Morphometric Analysis in   
diagnosis  of Effusion specimens. Diagn Cytopathol. 2006;34:670-75.

[16] Kirillov V, Stebenyaeva E, Paplevka A, Demidchik E. A Rapid method for 
diagnosing  regional metastasis of Papillary Thyroid Cancer with Morphometry.
Microsc Res Tech. 2006;96:338-43.

[17] Yan Cui, Esther AK, van Diest PJ, Kandel RA, Rohan TE.  Nuclear Morphometric 
features in Benign Breast tissue and risk of subsequent breast cancer. Breast 
Cancer Res Treat. 2007;104:103-07.

[18] Abdalla F, Boder J, Buhmeida A, Hashmi H, Elzagheid A, Collan Y. Nuclear 
Morphometry in FNAB of breast disease in Libyans. Anticancer Research. 2008; 
28:3985-90.

[19] Kalhan S, Dubey S, Sharma S, Dudani S, Preethi, Dixit M. Significance of 
Nuclear Morphometry in Cytological aspirates of Breast masses. Jr of cytology. 
2010;27:16-21.

[20] Murata S, Mochizuki K, Nakazawa T, Kondo T, Nakamura N, Yamashita H, et al. 
Morphological abstraction of thyroid tumor cell nuclei using morphometry with 
factor   analysis. Microsc Res Tech. 2003;61:457-62.

[21] Prasad H, Ramesh V, Balamurali PD. Morphologic and Cytomorphometric  
analysis of Exfoliated Buccal mucosal cells in Diabetes patients. J cytol. 
2010;27:113-17.

  
PaRTiCuLaRS OF COnTRiBuTORS:
1. Resident, Department of Pathology, Bangalore Medical College and Research Institute, Bangalore, Karnataka, India.
2. Professor, Department of Pathology, Sapthagiri Institute of Medical Sciences and Research Centre, Bangalore, Karnataka, India.
3. Professor and HOD, Department of Pathology, Sri Devraj Urs Academy of Higher Education and Research, Kolar, Karnataka, India.
4. Professor, Department of Obstretics and Gynaecology, Sri Devarj Urs Academy of Higher Education and Researcg, Kolar, Karnataka, India.

naMe, aDDReSS, e-MaiL iD OF The CORReSPOnDinG auThOR:
Dr. Aparna Narasimha,
No. 22, “Moyenvilla”, Moyenville Road, Langford Town, Bangalore - 25, India.
Phone : 9632140850, E-mai : Sonrichie14@gmail.com

FinanCiaL OR OTheR COMPeTinG inTeReSTS: None.

Date of Submission: Jun 18, 2014
Date of Peer Review: aug 05, 2014
 Date of Acceptance: Sep 17, 2014

Date of Publishing: nov 20, 2014


