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INTRODUCTION

Currently, prognostic evaluation and treatment planning for 
oral squamous cell carcinoma (OSCC) is mainly based on 
clinical staging and histological grading which are in turn 
based on subjective evaluation of parameters and are therefore 
often not sufficiently reproducible. Since nucleus is the main 
center controlling cell metabolism and function, nuclear 
analysis for predicting biological behavior of diseases has 
gained importance in the recent years. Computer-assisted 

morphometry reduces the problems of inter-observer variation 
and reproducibility of grading systems. Nuclear morphometry 
has been used for grading carcinomas of larynx, esophagus, 
kidney, bladder, breast, prostate and colon,[1] and to distinguish 
oral hyperplasias and dysplasias,[1] oral lichen planus and 
lichenoid lesions.[2]

Feulgen reaction along with micro-spectrophotometry was 
first employed for the evaluation of oral cancer by Doyle 
and Manfold in 1975 for predicting the transformation of 
oral leukoplakia to OSCC.[3] There are a good number of 
studies of oral cytosmears from dysplastic oral lesions and 
OSCC, stained with Feulgen reaction for DNA measurements. 
Relatively few studies have employed Feulgen staining for 
paraffin-embedded sections of oral dysplasia and OSCC. 
Hannen et al.[4] studied the nuclear morphology and chromatin 
pattern in formalin-fixed, paraffin-embedded, and Feulgen-
stained tissue sections of surgical resection specimens by 
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ABSTRACT
Background and Objectives: Oral squamous cell carcinoma (OSCC) is one 
of the most common tobacco-related cancers affecting the Indian population. 
Various malignancy-grading systems based on different histopathological 
features have been proposed for OSCC. Due to inherent subjectivity, inter-
observer variation and reproducibility of a grading system remains a problem. 
Grading systems based on nuclear morphometry have been proposed 
for laryngeal, renal and pharyngeal carcinomas. In this study, an attempt 
was made to grade oral OSCC based on computer-assisted microscopic 
evaluation of nuclear features. Our intention was also to evaluate the use 
of Feulgen stain for studying nuclear features. Materials and Methods: 
Sections made from buccal mucosa biopsies of normal mucosa as well 
as different grades OSCC were stained by Feulgen reaction. The nuclear 
features were evaluated by computer-assisted microscopic image analysis for 
nuclear area (NA), nuclear perimeter (NP) and nuclear form factor (NF) and 
correlated with histologic grading of OSCC. Nuclear shape, membrane outline, 
chromatin clumps, nucleoli, and abnormal mitoses were also evaluated. 
Results: NA and NP were observed to be significantly increased in OSCC 
(P < 0.001) when compared with the control group. These values increased 
in correlation with increasing grades of OSCC. However, NF was found to 
more in the control group (P < 0.001). Conclusion: It may be concluded from 
the results that computer-assisted nuclear morphometry is a reliable tool for 
grading OSCC. A new grading system based on nuclear features for OSCC 
has been proposed.
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means of high-resolution computer-assisted image analysis 
in primary tongue carcinomas.

In this study, an attempt has been made to grade OSCC based 
on computer-assisted microscopic evaluation of nuclear 
features. Our objective was to observe nuclear features 
in normal buccal mucosa and compare them with those of 
different grades of OSCC carcinoma. Nuclear features of 
different grades of OSCC are also compared with each other. 
Our objective also included the evaluation of Feulgen reaction 
for studying the nuclear features in OSCC.

MATERIALS AND METHODS

The different study groups and sample size are as shown 
in Table 1. The age range of subjects included in the study 
was between 20 and 86 years. Thick tissue sections (5 µm) 
were obtained from formalin-fixed, paraffin-embedded tissue 
blocks using soft tissue microtome (Leica RM 2165, Wetzlar, 
Germany). The sections were stained by employing Feulgen 
reaction for nuclear DNA.[5,6] All slides were coded to ensure 
that clinical diagnosis and histological grading were not 
known during the measurement. The stained sections were 
observed using a trinocular research microscope (Olympus 
BX51, Tokyo, Japan). All the images were captured under 
20× apochromatic objective (NA 0.07) using a 3-chip CCD 
camera (Proview, Media cybernetics, USA). For each case, 
10 microscopic fields were selected randomly. All the images 
captured were transferred onto a computer where they were 
analyzed using image analysis software (Image Pro Plus, 
Version 4.1.0.0 for Windows 95/NT/98, Media Cybernetics, 
Bethesda, USA).

For each case, 100 nuclei of tumor cells with clear, complete, 
non-overlapping outlines were selected randomly and were 
analyzed for eight nuclear variables: nuclear area (NA), nuclear 
perimeter (NP), nuclear form factor (NF), nuclear shape, nuclear 
membrane outline, nucleoli, chromatin clumps and abnormal 
mitotic figures per 10 high power microscopic fields (HPF). NF 
was calculated using the following formula:[7]

Form factor =  4πArea    , where π = 22
                perimeter2                                 7

The outline of nuclei (where a complete outline could be clearly 
seen) was traced on the computer screen (monitor) using a 
cursor controlled by a mouse. The nuclear measurements were 

carried out using measurement tool of the software Image Pro 
Plus. The measurements were in microns (calibration: 1 µ = 
3.260 pixels). All measurements were transferred to Microsoft 
Excel® for further statistical analysis.

Statistical methods

The mean, standard deviation and inter-quartile deviation were 
calculated for NA, NP and NF. These values were correlated 
with histological grading. The reliability of the method was 
ascertained by locating mode values. One-way analysis of 
variance (ANOVA) and Z-test were used to compare the 
quantitative parameters, while Chi-square test was used for 
comparing qualitative parameters between various study 
groups. Mann–Whitney U test was used for pair-wise group 
comparison.

RESULTS

The mean NA and mean NP were found to be increased 
in carcinoma groups when compared to normal mucosa 
(P < 0.001) and these values increased gradually with 
increasing grades of carcinoma (P < 0.001) as shown in 
Table 2. The mean NF was observed to be more in the control 
group when compared to carcinoma group (P < 0.001) and 
these values decreased gradually with increasing grades of 
carcinoma. However, it could not be used to differentiate 
group 2 and group 3 [Table 2]. When histological grading 
and grouping based on NA, NP, and NF were correlated, a 
fair correlation was observed. However, some overlapping 
of values was observed between the study groups. Similar 
finding was observed when mode values were distributed on 
inter-quartile ranges in various groups.

It was found that in normal mucosa, there were good numbers 
of both round and oval nuclei. In carcinoma group, majority of 
the nuclei were oval and few were non-definable. Nuclei of the 
normal mucosa had regular nuclear membrane outlines, while 
majority of the nuclei in the carcinoma group showed irregular 
outline. Membrane irregularity increased with increasing 
grades of carcinoma. Chromatin clumping increased with 
increasing grades of carcinoma, while the nuclei of normal 
mucosa showed no clumps.

Table 1: Various study groups and sample size
Study groups Sample size Sex

Male Female
Normal mucosa Group 1 10 cases 7 3
Well OSCC Group 2 20 12 8
Mod OSCC Group 3 20 15 5
Poor OSCC Group 4 10 8 2

Total 60 cases 42 18
OSCC - Oral squamous cell carcinoma

Table 2: Mean and standard deviation of nuclear area, 
nuclear perimeter and nuclear form factor in various 
study groups (Mean ± SD)
Histological 
grading

n Nuclear area 
(µ2)

Nuclear 
perimeter (µ)

Nuclear form 
factor

Group 1 100 69.7 ± 6.3 29.4 ± 1.5 1.02 ± 0.07
Group 2 200 111.4 ± 15.1 38.5 ± 3.2 0.95 ± 0.08
Group 3 200 116.6 ± 20.7 39.2 ± 2.9 0.95 ± 0.06
Group 4 100 122.8 ± 15.5 41.1 ± 2.9 0.92 ± 0.08
F-value 232.6 348.3 33.6
P-value <0.001 <0.001 <0.001
n - Number of means
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Nucleoli increased in number, became prominent and 
irregular with increasing grades of carcinoma, while in 
normal mucosa, the nucleoli were inconspicuous. Poorly 
differentiated carcinoma showed frequent abnormal mitotic 
figures compared to other grades, while the control group had 
none.

DISCUSSION

Nuclear DNA content is one parameter that can be reproduced 
repeatedly and known to correlate well with the malignant 
potential of a tumor. Feulgen reaction is a reliable and specific 
histochemical method for nuclear DNA.[6] Doyle and Manfold 
in 1975 did not find much use for Feulgen reaction in predicting 
the transformation of oral leukoplakia to OSCC.[3] However, 
in this study, we found that Feulgen reaction performed under 
carefully controlled conditions gives a reasonably good 
staining and accurate quantitative histochemical estimation 
of nuclear DNA. Similar observations were made by Abdel-
Salam et al.[1,7] and Kasten.[8]

Computer-assisted image analysis of Feulgen-stained tissue 
sections of oral hyperplasia, dysplasia and OSCC for nuclear 
morphology and chromatin pattern have been studied by 
Abdel-Salem et al. (1986)[1] and Hannen et al. (1998).[4] The 
latter assessed nuclear morphology (size and shape) and 
chromatin pattern to develop a discriminant factor that can 
predict the occurrence of metastasis. In this study, we have 
studied the NF in addition to NA and NP.

Increased NA and NP observed could be due to rapid and 
abnormal growth of neoplastic cells. Nuclei in carcinoma 
group showed increased values of mean NA and NP when 
compared to the nuclei in normal mucosa. It has been shown 
in various studies that NA and NP increase gradually with 
increasing grades of carcinomas.[9-11] In this study, few nuclei 
of carcinoma groups 2 and 3 had values similar to that of the 
control group. This suggests that few nuclei are in a normal 
phase and not all nuclei in carcinoma group show features of 
malignancy.

A perfect circle has a form factor of 1.0, and elliptical 
structures deviate from unity toward zero as their degree of 
circularity becomes less perfect.[12,13] NF was found to be less 
in carcinoma groups than normal mucosa, suggesting that 
irregular or elliptical nuclei predominate in the carcinoma 
groups. Though NF reduced as grades of carcinoma increased, 
the difference was not statistically significant between 
carcinoma groups 2 and 3.

Variation in nuclear shape is a distinctive feature of malignancy. 
Lowest levels of malignancy are characterized by spherical 
nuclei of approximately equal size, and highest grade tumors 
are characterized by profound anisonucleosis.[14] Artificial 
nuclear shape changes can result from poor cellular fixation, 
trauma, degeneration, cautery or hormonal changes. These 

also have other degenerative features. A tangential section 
may result in elongated nuclear shape. By itself, changes in 
nuclear shape, if not extreme, are not sufficient for diagnosis 
in most tumors.

Irregularity of nuclear membrane was seen in neoplastic 
nuclei, while in normal cells nuclear membrane was found 
to be regular [Figures 1 and 2]. Irregularity of membrane is 
often the result of adhesion of abnormal chromatin clumps 
to the inner surface. Irregularity can result from cellular 
degeneration, but contours in neoplastic nuclei are sharp and 
well defined. Irregularity has been shown to increase with 
increasing gradations of carcinoma [15] which was also noticed 
in this study.

In normal cell, chromatin is very finely granular and almost 
invisible, while in a neoplastic cell, chromatin forms well-
defined irregular clumps with variable size, shapes and sharp 
pointed projections.[14] In this study, lower grades of OSCC 
showed delicate chromatin strands and homogenous chromatin 
pattern while higher grades exhibited coarse clumped chromatin 
and heterogeneous chromatin pattern [Figure 3].

Nucleoli are usually inconspicuous in normal cells. Nucleoli 
are prominent, more in number, enlarged and irregular with 
occasional sharp pointed projections in malignant cells. This 
is due to increased protein synthesis.[14] Similar features were 
witnessed in this study, where it was found that number and 
irregularity of nucleoli increased with increasing grades of 
carcinoma [Figures 1, 4 and 5]. Generally, higher grades of 
carcinoma show frequent abnormal mitotic figures than lower 
grades of carcinoma[14] and this study was no exception. This 
has been illustrated in Figures 1, 2, 5, and 6.

The results of this study shed new light on nuclear 
changes occurring in OSCC. Nuclear grading systems 
for cancer have been proposed for renal cell carcinoma 
(Fuhrman et al., 1982)[15] and renal adenocarcinoma (Syrjänen 
and Hjelt, 1978).[16] Based on various nuclear variables in this 
study, we have proposed a nuclear grading system for OSCC 
which is presented in Table 3.

There was overlapping of few nuclear values between various 
groups when nuclear grading was correlated with histological 
grading, especially between well-differentiated OSCC and 
moderately differentiated OSCC as well as moderately 
differentiated OSCC and poorly differentiated OSCC. This 
finding supports the concept that well, moderate and poorly 
differentiated varieties of OSCC form a continuum.

It is highly possible that what was histologically diagnosed 
as moderately differentiated carcinoma was in fact is a poorly 
differentiated carcinoma or vice versa. This also raises the 
question of reliability of the present standardization of 
histological grading and clinical diagnosis of OSCC.
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Figure 3: Photomicrograph of moderately well differentiated OSCC 
showing large tumor nucleus with multiple prominent nucleoli (blue 
arrow) and abnormal mitotic figure (black arrow). Objective 20×, 
Feulgen stain

Figure 5: Photomicrograph of poorly differentiated OSCC showing 
anisonucleosis and numerous abnormal mitotic figures (blue arrows). 
Objective 20×, Feulgen stain

Figure 4: Photomicrograph of well differentiated OSCC showing 
bizarre mitotic figure (blue arrow) and tumor nucleus with multiple 
prominent nucleoli (black arrow).Objective 20×, Feulgen stain

Figure 6: Photomicrograph of poorly differentiated OSCC showing 
large tumor nucleus with chromatin clumps (blue arrow). Objective 
20×, Feulgen stain
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Figure 1: Photomicrograph of poorly differentiated OSCC showing 
bizarre mitotic figure (black arrow) and multiple nuclei with prominent 
nucleoli (blue arrow). Objective 20×, Feulgen stain

Figure 2: Photomicrograph of poorly differentiated OSCC showing 
tumor nucleus with multiple nucleoli and irregular nuclear membrane 
(blue arrow) and bizarre mitosis (black arrow). Objective 20×, 
Feulgen stain
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CONCLUSION

Nucleus reflects cell’s biological potential and general activity. 
A combination of several nuclear variables provides a more 
accurate indication of tumor aggressiveness and behavior 
rather than any single parameter. Nuclear morphometry was 
found to be a reliable tool for grading OSCC in this study. 
Large series of patients and truly prospective studies are 
required to determine the practical use and validity of this 
nuclear grading system.
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Table 3: Proposed nuclear grading system for OSCC
Nuclear variables
Nuclear grading Area (µ2) Perimeter 

(µ)
Form 
factor

Shape Membrane 
outline

Chromatin 
clumps

Nucleoli Abnormal 
mitotic 
figures per 
10 HPF

Grade 1: Normal 
mucosa

<96 <35 >1.0 Round/ 
oval

Regular Absent/
inconspicuous

Inconspicuous/ 
very minimal (0–1)

None

Grade 2: Well OSCC 96–110 35–38 0.96–1.0 Oval Regular to 
slightly irregular

Very few Minimal (1–2) <3

Grade 3: Mod OSCC 111–124 39–40 0.92–0.96 Oval Irregular Moderate 
number

Moderate number 
(2–3)

4–9

Grade 4: Poor OSCC >124 >40 <0.92 Oval/non-
definable

Very irregular Numerous Numerous (>3) ≥10

OSCC - Oral squamous cell carcinoma, HPF - High power field
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